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(54) Title: ALBUMIN FUSION PROTEINS 

(57) Abstract: The present invention encompasses albumin fusion proteins. Nucleic acid molecules encoding the albumin fusion 
proteins of the invention are also encompassed by the invention, as are vectors containing these nucleic acids, host cells transformed 
with these nucleic acids vectors, and methods of making the albumin fusion proteins of the invention and using these nucleic acids, 
vectors, and/or host cells. Additionally the present invention encompasses pharmaceutical compositions comprising albumin fusion 
proteins and methods of treating, preventing, or ameliorating diseases, disorders or conditions using albumin fusion proteins of the 
invention. 
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ALBUMIN FUSION PROTEINS 

\ 

BACKGROUND OF THE INVENTION . 

The invention relates generally to Therapeutic proteins (including, but not limited to, a 
polypeptide, antibody, or peptide, or fragments and variants thereof) fused to albumin or 
fragments or variants of albumin. The invention further relates to Therapeutic proteins 
(including, but not limited to, a polypeptide, antibody, or peptide, or fragments and variants 
thereof) fused to albumin or fragments or variants of albumin, that exhibit extended shelf-life 
and/or extended or therapeutic activity in solution. These fusion proteins are herein 
collectively referred to as "albumin fusion proteins of the invention." The invention 

encompasses therapeutic albumin fusion proteins, compositions, pharmaceutical 

■ 

compositions, formulations and kits. Nucleic acid molecules encoding the albumin fusion 
proteins of the invention are also encompassed by the invention, as are vectors containing 
these nucleic acids, host cells transformed with these nucleic acids vectors, and methods of 
making the albumin fusion proteins of the invention using these nucleic acids, vectors, and/or 

host cells. ...... 

The invention is also directed to methods of in vitro stabilizing a Therapeutic protein 
via fusion or conjugation of the Therapeutic protein to albumin or fragments or variants of 
albumin. 

Human serum albumin (HSA, or HA), a protein of 585 amino acids in its mature form 
(as shown in Figure 15 or in SEQ ID NO: 18), is responsible for a significant proportion of 
the osmotic pressure of serum and also functions as a carrier of endogenous and exogenous 
ligands. At present, HA for clinical use is produced by extraction from human blood. The 
production of recombinant HA (rHA) in microorganisms has been disclosed in EP 330 45 1 
and EP 361 991. 

The role of albumin as a carrier molecule and its inert nature are desirable properties 
for use as a carrier and transporter of polypeptides in vivo. The use of albumin as a 
component of an albumin fusion protein as a carrier for various proteins has been suggested 
in WO 93/15199, WO 93/15200, and EP 413 622. The use of N-terminal fragments of HA 
for fusions to polypeptides has also been proposed (EP 399 666). Fusion of albumin to the 
Therapeutic protein may be achieved by genetic manipulation, such that the DNA coding for 
HA, or a fragment thereof, is joined to the DNA coding for the Therapeutic protein. A 
suitable host is then transformed or transfected with the fused nucleotide sequences, so 
arranged on a suitable plasmid as to express a fusion polypeptide. The expression may be 
effected in vitro from, for example, prokaryotic or eukaryotic cells, or in vivo e.g. from a 
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transgenic organism. 

Therapeutic proteins in their native state or when recombinantly produced, such as 
interferons and growth hormones, are typically labile molecules exhibiting short shelf-lives, 
particularly when formulated in aqueous solutions. The instability in these molecules when 
5 formulated for administration dictates that many of the molecules must be lyophilized and 
refrigerated at all times during storage, thereby rendering the molecules difficult to transport 
and/or store. Storage problems are particularly acute when pharmaceutical formulations must 
be stored and dispensed outside of the hospital environment. Many protein and peptide drugs 
also require the addition of high concentrations of other protein such as albumin to reduce or 

10 prevent loss of protein due to binding to the container. This is a major concern with respect to 
proteins such as IFN. For this reason, many Therapeutic proteins are formulated in 
combination with large proportion of albumin carrier molecule (100-1000 fold excess), 
though this is an undesirable and expensive feature of the formulation. 

Few practical solutions to the storage problems of labile protein molecules have been 

15 proposed. Accordingly, there is a need for stabilized, long lasting formulations of 
proteinaceous therapeutic molecules that are easily dispensed, preferably with a simple 
formulation requiring minimal post-storage manipulation. 

i 

r 

SUMMARY OF THE INVENTION 

20 The present invention is based, in part, on the discovery that Therapeutic proteins may 

be stabilized to extend the shelf-life, and/or to retain the Therapeutic protein's activity for 
extended periods of time in solution, in vitro and/or in vivo, by genetically or chemically 
. fusing or conjugating the Therapeutic protein to albumin or a fragment (portion) or variant of 
albumin, that is sufficient to stabilize the protein and/or its activity. In addition it has been 

25 determined that the use of albumin-fusion proteins or albumin conjugated proteins may reduce 
the need to formulate protein solutions with large excesses of carrier proteins (such as 
albumin, unfused) to prevent loss of Therapeutic proteins due to factors such as binding to the 
container. 

The present invention encompasses albumin fusion proteins comprising a Therapeutic 
30 protein (e.g., a polypeptide, antibody, or peptide, or fragments and variants thereof) fused to 
albumin or a fragment (portion) or variant of albumin. The present invention also 
encompasses albumin fusion proteins comprising a Therapeutic protein (e.g., a polypeptide, 
antibody, or peptide, or fragments and variants thereof) fused to albumin or a fragment 
(portion) or variant of albumin, that is sufficient to prolong the shelf life of the Therapeutic 
35 protein, and/or stabilize the Therapeutic protein and/or its activity in solution (or in a 
pharmaceutical composition) in vitro and/or in vivo. Nucleic acid molecules encoding the 
albumin fusion proteins of the invention are also encompassed by the invention, as are vectors 

2 
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containing these nucleic acids, host cells transformed with these nucleic acids vectors/ and 
methods of making the albumin fusion proteins of the invention and using these nucleic acids, 
vectors, and/or host cells. 

The invention also encompasses pharmaceutical formulations comprising an albumin 
fusion protein of the invention and a pharmaceutically acceptable diluent or carrier. Such 
formulations may be in a kit or container. Such kit or container may be packaged with 
instructions pertaining to the extended shelf life of the Therapeutic protein. Such formulations 
may be used in methods of treating, preventing, ameliorating, or diagnosing a disease or 
disease symptom in a patient, preferably a mammal, most preferably a human, comprising the 
step of administering the pharmaceutical formulation to the patient. 

In other embodiments, the present invention encompasses methods of preventing 
treating, or ameliorating a disease or disorder. In preferred embodiments, the present 
invention encompasses a method of treating a disease or disorder listed in the "Preferred 
Indication Y" column of Table 1 comprising administering to a patient in which such 
treatment, prevention or amelioration is desired an albumin fusion protein of the invention that 
comprises a Therapeutic protein portion corresponding to a Therapeutic protein (or fragment 
or variant thereof) disclosed in the 'Therapeutic Protein X" column of Table 1 (in the same 
row as the disease or disorder to be treated is listed in the "Preferred Indication Y" column of 
Table 1) in an amount effective to treat prevent or ameliorate the disease or disorder. 

In another embodiment, the invention includes a method of extending the shelf life of 
a Therapeutic protein (e.g., a polypeptide, antibody, or peptide, or fragments and variants 
thereof) comprising the step of fusing or conjugating the Therapeutic protein to albumin or a 
fragment (portion) or variant of albumin, that is sufficient to extend the shelf-life of the 
Therapeutic protein. In a preferred embodiment, the Therapeutic protein used according to 
this method is fused to the albumin, or the fragment or variant of albumin. In a most 
preferred embodiment, the Therapeutic protein used according to this method is fused to 
albumin, or a fragment or variant of albumin, via recombinant DNA technology or genetic 
engineering. 

In another embodiment, the invention includes a method of stabilizing a Therapeutic 
protein (e.g., a polypeptide, antibody, or peptide, or fragments and variants thereof) in 
solution, comprising the step of fusing or conjugating the Therapeutic protein to albumin or a 
fragment (portion) or variant of albumin, that is sufficient to stabilize the Therapeutic protein. 
In a preferred embodiment, the Therapeutic protein used according to this method is fused to 
the albumin, or the fragment or variant of albumin. In a most preferred embodiment, the 
Therapeutic protein used according to this method is fused to albumin, or a fragment or 
variant of albumin, via recombinant DNA technology or genetic engineering. 

The present invention further includes transgenic organisms modified to contain the 
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nucleic acid molecules of the invention, preferably modified to express the albumin fusion 
proteins encoded by the nucleic acid molecules. 

BRIEF DESCRIPTION OF THE FIGURES 
5 Figure 1 depicts the extended shelf -life of an HA fusion protein in terms of the 

biological activity (Nb2 cell proliferation) of HA-hGH remaining after incubation in cell 

culture media for up to 5 weeks at 37 °C. Under these conditions, hGH has no observed 

activity by week 2. 

Figure 2 depicts the extended shelf-life of an HA fusion protein in terms of the stable 
10 biological activity (Nb2 cell proliferation) of HA-hGH remaining after incubation in cell 

culture media for up to 3 weeks at 4, 37, or 50°C. Data is normalized to the biological 

activity of hGH at time zero. 

Figures 3A and 3B compare the biological activity of HA-hGH with hGH in the Nb2 
cell proliferation assay. Figure 3A shows proliferation after 24 hours of incubation with 
15 various concentrations of hGH or the albumin fusion protein, and Figure 3B shows 
proliferation after 48 hours of incubation with various concentrations of hGH or the albumin 
fusion protein. 

Figure 4 shows a map of a plasmid (pPPCOOOS) that can be used as the base vector 
into which polynucleotides encoding the Therapeutic proteins (including polypeptide and 
20 fragments and variants thereof) may be cloned to form HA-fusions. Plasmid Map key: 
PRBlp: PRB1 S. cerevisiae promoter; FL: Fusion leader sequence; rHA: cDNA encoding 
HA; ADHlt: ADH1 S. cerevisiae terminator; T3: T3 sequencing primer site; T7: T7 

sequencing primer site; Amp R: (3-lactamase gene; ori: origin of replication. Please note that 

in the provisional applications to which this application claims priority, the plasmid in Figure 
25 4 was labeled pPPC0006, instead of pPPCOOOS. In addition the drawing of this plasmid did 
not show certain pertinent restriction sites in this vector. Thus in the present application, the 
drawing is labeled pPPCOOOS and more restriction sites of the same vector are shown. 

Figure 5 compares the recovery of vial-stored HA-IFN solutions of various 
concentrations with a stock solution after 48 or 72 hours of storage. 

30 Figure 6 compares the activity of an HA-a-IFN fusion protein after administration to 

monkeys via IV or SC. 

. Figure 7 describes the bioavailability and stability of an HA-a-IFN fusion protein. 

Figure 8 is a map of an expression vector for the production of HA-_-IFN. 
Figure 9 shows the location of loops in HA. 

* 

35 Figure 10 is an example of the modification of an HA loop. - 

4 
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Figure 1 1 is a representation of the HA loops. 
Figure 12 shows the HA loop IV. * 
Figure 13 shows the tertiary structure of HA. 
Figure 14 shows an example of a scFv-HA fusion 

Figure 15 shows the amino acid sequence of the mature form of human albumin (SEQ 
ID NO: 1 8) and a polynucleotide encoding it (SEQ ID NO: 17). 

» 

DETAILED DESCRIPTION 

As described above, the present invention is based, in part, on the discovery that a 
Therapeutic protein (e.g., a polypeptide, antibody, or peptide, or fragments and variants 
thereof) may be stabilized to extend the shelf -life and/or retain the Therapeutic protein's 
activity for extended periods of time in solution (or in a pharmaceutical composition) in vitro 
and/or in vivo, by genetically fusing or chemically conjugating the Therapeutic protein, 

polypeptide or peptide to all or a portion of albumin sufficient to stabilize the protein and its 

* 

activity. 

The present invention relates generally to albumin fusion proteins and methods of 
treating, preventing, or ameliorating diseases or disorders. As used herein, "albumin fusion 
protein" refers to a protein formed by the fusion of at least one molecule of albumin (or a 
fragment or variant thereof) to at least one molecule of a Therapeutic protein (or fragment or 
variant thereof). An albumin fusion protein of the invention comprises at least, a fragment or 
variant of a Therapeutic protein and at least a fragment or variant of human serum albumin, 
which are associated with one another, preferably by genetic fusion (i.e., the albumin fusion 
protein is generated by translation of a nucleic acid in which a polynucleotide encoding all or a 
portion of a Therapeutic protein is joined in-frame with a polynucleotide encoding all or a 
portion of albumin) or chemical conjugation to one another. The Therapeutic protein and 

■ 

albumin protein, once part of the albumin fusion protein, may be referred to as a "portion", 
"region" or "moiety" of the albumin fusion protein (e.g., a "Therapeutic protein portion" or an 
"albumin protein portion"). - - 

In one embodiment, the invention provides an albumin fusion protein comprising, or 
alternatively consisting of, a Therapeutic protein (e.g., as described in Table 1) and a serum 
albumin protein. In other embodiments, the invention provides an albumin fusion protein 
comprising, or alternatively consisting of, a biologically active and/or therapeutically active 
fragment of a Therapeutic protein and a serum albumin protein. In other embodiments, the 
invention provides an albumin fusion protein comprising, or alternatively consisting of, a 
biologically active and/or therapeutically active variant Of a Therapeutic protein and a serum 
albumin protein. In preferred embodiments, the serum albumin protein component of the 
albumin fusion protein is the mature portion of serum albumin: 



WO 01/79480 



PCT7US01/11991 



10 



15 



In further embodiments, the invention provides an albumin fusion protein comprising, 
or alternatively consisting of, a Therapeutic protein, and a biologically active and/or 
therapeutically active fragment of serum albumin. In further embodiments, the invention 
provides an albumin fusion protein comprising, or alternatively consisting of, a Therapeutic 
protein and a biologically active and/or therapeutically active variant of serum albumin. In 
preferred embodiments, the Therapeutic protein portion of the albumin fusion protein is the 
mature portion of the Therapeutic protein. In a further preferred embodiment, the Therapeutic 
protein portion of the albumin fusion protein is the extracellular soluble domain of the 
Therapeutic protein. In an alternative embodiment, the Therapeutic protein portion of the 
albumin fusion protein is the active form of the Therapeutic protien. 

In further embodiments, the invention provides an albumin fusion protein comprising, 
or alternatively consisting of, a biologically active and/or therapeutically active fragment or 
variant of a Therapeutic protein and a biologically active and/or therapeutically active fragment 

i 

or variant of serum albumin. In preferred embodiments, the invention provides an albumin 
fusion protein comprising, or alternatively consisting of, the mature portion of a Therapeutic 
protein and the mature portion of serum albumin. 



Therapeutic proteins 

As stated above, an albumin fusion protein of the invention comprises at least a 
20 fragment or variant of a Therapeutic protein and at least a fragment or variant of human serum 

albumin, which are associated with one another, preferably by genetic fusion or chemical 

■ 

conjugation. 

As used herein, 'Therapeutic protein" refers to proteins, polypeptides, antibodies, 
peptides or fragments or variants thereof, having one or more therapeutic and/or biological 
25 activities. Therapeutic proteins encompassed by the invention include but are not limited to, 

» 

proteins, polypeptides, peptides, antibodies, and biologies. (The terms peptides, proteins, 
and polypeptides are used interchangeably herein.) It is specifically contemplated that the term 
'Therapeutic protein" encompasses antibodies and fragments and variants thereof. Thus an 
albumin fusion protein of the invention may contain at least a fragment or variant of a 
30 Therapeutic protein, and/or at least a fragment or variant of an antibody. Additionally, the 
term 'Therapeutic protein" may refer to the endogenous or naturally occurring correlate of a 
Therapeutic protein. 

By a polypeptide displaying a "therapeutic activity" or a protein that is "therapeutically 
active" is meant a polypeptide that possesses one or more known biological and/or therapeutic 
35 activities associated with a Therapeutic protein such as one or more of the Therapeutic 
proteins described herein or otherwise known in the art. As a non-limiting example, a 
'Therapeutic protein" is a protein that is useful to treat, prevent or ameliorate a disease, 
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condition or disorder. As a non-limiting example, a 'Therapeutic protein" may be one that 

i. 

binds specifically to a particular cell type (normal (e.g., lymphocytes) or abnormal e.g., 
(cancer cells)) and therefore may be used to target a compound (drug, or cytotoxic agent) to 
that cell type specifically. 
5 In another non-limiting example, a 'Therapeutic protein" is a protein that has a 

biological activity, and in particular, a biological activity that is useful for treating preventing 
or ameliorating a disease. A non-inclusive list of biological activities that may be possessed by 
a Therapeutic protein includes, enhancing the immune response, promoting angiogenesis, . 
inhibiting angiogenesis, regulating hematopoietic functions, stimulating nerve growth, 

i 

10 enhancing an immune response, inhibiting an immune response^or any one or more of the 
biological activities described in the "Biological Activities" section below. 

As used herein, "therapeutic activity" or "activity" may refer to an activity whose 
effect is consistent with a desirable therapeutic outcome in humans, or to desired effects in 
non-human mammals or in other species or organisms. Therapeutic activity may be measured 

15 in vivo or in vitro. For example, a desirable effect may be assayed in cell culture. As an 
example, when hGH is the Therapeutic protein, the effects of hGH on cell proliferation as 
described in Example 1 may be used as the endpoint for which therapeutic activity is 
measured. Such in vitro or cell culture assays are commonly available for many Therapeutic 
proteins as described in the art. Examples of assays include, but are not limited to those 

20 described herein in the Examples section or in the "Exemplary Activity Assay" column of 
Table 1. 

Therapeutic proteins corresponding to a Therapeutic protein portion of an albumin 
fusion protein of the invention, such as cell surface and secretory proteins, are often modified 
by the attachment of one or more oligosaccharide groups. The modification, referred to as 

25 glycosylation, can dramatically affect the physical properties of proteins and can be important 
in protein stability, secretion, and localization. Glycosylation occurs at specific locations 
along the polypeptide backbone. There are usually two major types of glycosylation: 
glycosylation characterized by O-linked oligosaccharides, which are attached to serine or 
threonine residues; and glycosylation characterized by N-linked oligosaccharides, which are 

30 attached to asparagine residues in an Asn-X-Ser/Thr sequence, where X can be any amino 
acid except proline. N-acetylneuramic acid (also known as sialic acid) is usually the terminal 
residue of both N-linked and 0-linked oligosaccharides. Variables such as protein structure 
and cell type influence the number and nature of the carbohydrate units within the chains at 
different glycosylation sites. Glycosylation isomers are also common at the same site within a 

35 given cell type. " 

For example, several types of human interferon are glycosylated. Natural human 

interferon-cc2 is O-glycosylated at threonine 106, and N-glycosylation occurs at asparagine 

7 
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72 in interferon-al4 (Adolf et aL, J. Biochem 276:5 1 1 (1991); Nyman TA et aL, J. Biochem 

329:295 (1998)). The oligosaccharides at asparagine 80 in natural interferon^ la may play 

an important factor in the solubility and stability of the protein, but may not be essential for its 

biological activity. This permits the production of an unglycosylated analog (interferon-|3lb) 

5 engineered with sequence modifications to enhance stability (Hosoi et aL, J. Interferon Res. 
8:375 (1988; Karpusas et aL, Cell Mol Life Sci 54:1203 (1998); Knight, J. Interferon Res. 
2:421 (1982); Runkel et al., Pharm Res 15:641 (1998); Lin, Dev. Biol. Stand. 96:97 

(1998))1. Interferon-y contains two N-linked oligosaccharide chains at positions 25 and 97, 

both important for the efficient formation of the bioactive recombinant protein, and having an 

10 influence on the pharmacokinetic properties of the protein (Sareneva et aL, Eur. J. Biochem 
242:191 (1996); Sareneva et al,. Biochem J. 303:831 (1994); Sareneva et aL, J. Interferon 
Res. 13:267 (1993)). Mixed O-linked and N-linked glycosylation also occurs, for example in 
human erythropoietin, N-linked glycosylation occurs at asparagine residues located at 
positions 24, 38 and 83 while O-linked glycosylation occurs at a serine residue located at 

15 position 126 (Lai et aL, J. Biol. Chem. 261:3116 (1986); Broudy et aL, Arch. Biochem. 
Biophys. 265:329 (1988)). 

Therapeutic proteins corresponding to a Therapeutic protein portion of an albumin 
fusion protein of the invention, as well as analogs and variants thereof, may be modified so 
that glycosylation at one or more sites is altered as a result of manipulation(s) of their^ nucleic 

20 acid sequence, by the host cell in vyhich they are expressed, or due to other conditions of their 
expression. For example, glycosylation isomers may be produced by abolishing or 
introducing glycosylation sites, e.g., by substitution or deletion of amino acid residues, such 
as substitution of glutamine for asparagine, or unglycosylated recombinant proteins may be 
produced by expressing the proteins in host cells that will not glycosylate them, e.g. in E. coli 

25 , or glycosylation-deficient yeast. These approaches are described in more detail below and are 
known in the art. 

Therapeutic proteins (particularly those disclosed in Table 1) and their nucleic acid 
sequences are well known in the art and available in public databases such as Chemical 
Abstracts Services Databases (e.g., the CAS Registry), GenBank, and GenSeq as shown in 
30 Table 1. 

Additional Therapeutic proteins corresponding to a Therapeutic protein portion of an 
albumin fusion protein of the invention include, but are not limited to, one or more of the 
Therapeutic proteins or peptides disclosed in the 'Therapeutic Protein X" column of Table 1 , 
or fragment or variable thereof . 



8 
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Table 1 provides a non-exhaustive list of Therapeutic proteins that correspond to a 
Therapeutic protein portion of an albumin fusion protein of the invention. The 'Therapeutic 
Protein X" column discloses Therapeutic protein molecules followed -by parentheses 
containing scientific and brand names that comprise, or alternatively consist of, that 
5 Therapeutic protein molecule or a fragment or variant thereof. 'Therapeutic protein X" as 
used herein may refer either to an individual Therapeutic protein molecule (as , defined by the 
amino acid sequence obtainable from the CAS and Genbank accession numbers), or to the 
entire group of Therapeutic proteins associated with a given Therapeutic protein molecule 
disclosed in this column. The "Exemplary Identified' column provides Chemical Abstracts 
10 Services (CAS) Registry Numbers (published by the American Chemical Society) and/or 
Genbank Accession Numbers ((e.g., Locus ID, NP_XXXXX (Reference Sequence Protein),' 
and XP_XXXXX (Model Protein) identifiers available through the national Center for 
Biotechnology Information (NCBI) webpage at www.ncbi.nlm.nih.gov) that correspond to 

* 

entries in the CAS Registry or Genbank database which contain an amino acid sequence of the 
1 5 Therapeutic Protein Molecule or of a fragment or variant of the Therapeutic Protein Molecule. 
In addition GenSeq Accession numbers and/or journal publication citations are given to 
identify the exemplary amino acid sequence for ^some polypeptides. The summary pages 
associated with each of these CAS and Genbank and GenSeq Accession Numbers as well as 
the cited journal publications (e.g., PubMed ID number (PMID)) are each incorporated by 
20 - reference in their entireties, particularly with respect to the amino acid sequences described 
therein. The "PCT/Patent Reference" column provides U.S. Patent numbers, or PCT 

c 

International Publication Numbers corresponding to patents and/or published patent 
applications that describe the Therapeutic protein molecule. Each of the patents and/or 
published patent applications cited in the "PCT/Patent Reference" column are herein 

25 incorporated by reference in their entireties. In particular, the amino acid sequences of the 
specified polypeptide set forth in the sequence listing of each cited "PCT/Patent Reference", 
the variants of these amino acid sequences (mutations, fragments, etc.) set forth, for example, 
in the detailed description of each cited "PCT/Patent Reference' 1 , the therapeutic indications set 
forth, for example, in the detailed description of each cited "PCT/Patent Reference", and the 

30 activity asssaysfor the specified polypeptide set forth in the- detailed description, and more 
particularly, the examples of each cited "PCT/Patent Reference" are incorporated herein by 

reference. The "Biological activity" column describes Biological activities associated with the 

> ■ 

Therapeutic protein molecule. The "Exemplary Activity Assay" column provides references 

that describe assays which may be used to test the therapeutic and/or biological activity of a 

1 

35 Therapeutic protein or an albumin fusion protein of the invention comprising a Therapeutic 
protein X portion. Each of the references cited in the "Exemplary Activity Assay" column are 
herein incorporated by reference in their entireties, particularly with respect to the description 

9 
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of the respective activity assay described in the reference (see Methods section, for example) 
for assaying the corresponding biological activity set forth in the "Biological Activity" column 
of Table 1. The "Preferred Indication Y" column describes disease, disorders, and/or 
conditions that may be treated, prevented, diagnosed, or ameliorated by Therapeutic protein X 
or an albumin fusion protein of the invention comprising a Therapeutic protein X portion. 
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In preferred embodiments, the albumin fusion proteins of the invention are capable of 
a therapeutic activity and/or biologic activity corresponding to the therapeutic activity and/or 
biologic activity of the Therapeutic protein corresponding to the Therapeutic protein portion of 
5 the albumin fusion protein listed in the corresponding row of Table 1. (See, e.g., the 
"Biological Activity" and 'Therapeutic Protein X"columns of Table 1.) In further preferred 
embodiments, the therapeutically active protein portions of the albumin fusion proteins of the 
invention are fragments or variants of the reference sequence cited in the "Exemplary 
Identifier" column of Table 1, and are capable of the therapeutic activity and/or biologic 
10 activity of the corresponding Therapeutic protein disclosed in "Biological Activity" column of 
Table 1. 

- 

Polypeptide and Polynucleotide Fragments and Variants 

Fragments . * r 

15 The present invention is further directed to fragments of the Therapeutic proteins 

described in Table 1 , albumin proteins, and/or albumin fusion proteins of the invention. 

Even if deletion of one or more amino acids from the N-terminus of a protein results 
in modification or loss of one or more biological functions of the Therapeutic protein, albumin 
protein, and/or albumin fusion protein, other Therapeutic activities and/or functional activities 

20 (e.g., biological activities, ability to multimerize, ability to bind a ligand) may still be retained. 
For example, the ability of polypeptides with N-terminal deletions to induce and/or bind to 
antibodies which recognize the complete or mature forms of the polypeptides generally will be 
retained when less than the majority of the residues of the complete polypeptide are removed 
from the N-terminus. Whether a particular polypeptide lacking N-terminal residues of a 

25 complete polypeptide retains such immunologic activities can readily be determined by routine 
methods described herein and otherwise known in the art. It is not unlikely that a mutein with 
a large number of deleted N-terminal amino acid residues may retain some biological or 
immunogenic activities. In fact, peptides composed of as few as six amino acid residues may 
often evoke an immune response. 

30 Accordingly, fragments of a Therapeutic protein corresponding to a Therapeutic 

protein portion of an albumin fusion protein of the invention, include the full length protein as 
well as polypeptides having one or more residues d§leted from the amino terminus of the 
amino acid sequence of the reference polypeptide (e.g., a Therapeutic protein as disclosed in - 
Table 1). In particular, N-terminal deletions may be described by the general formula m-q, 

35 where q is a whole integer representing the total number of amino acid residues in a reference 
polypeptide (e.g., a Therapeutic protein referred to in Table 1), and m is defined as any 
integer ranging from 2 to q-6. Polynucleotides encoding these polypeptides are also 
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encompassed by the invention. 

In addition, fragments of serum albumin polypeptides corresponding to an albumin 
protein portion of an albumin fusion protein of the invention, include the full length protein as 
well as polypeptides having one or more residues deleted from the amino terminus of the 
5 . amino acid sequence of the reference polypeptide (i.e., serum albumin). In particular, N- 
terminal deletions may be described by the general formula m-585, where 585 is a whole 
integer representing the total number of amino acid residues in serum albumin (SEQ ID 
NO: 18), and m is defined as any integer ranging from 2 to 579. Polynucleotides encoding 
these polypeptides are also encompassed by the invention. 

10 Moreover, fragments of albumin fusion proteins of the invention, include the full 

length albumin fusion protein as well as polypeptides having one or more residues deleted 
from the amino terminus of the albumin fusion protein. In particular, N-terminal deletions 
may be described by the general formula m-q, where q is a whole integer representing the 
total number of amino acid residues in the albumin fusion protein, and m is defined as any 

15 integer ranging from 2 to q-6. Polynucleotides encoding these polypeptides are also 
encompassed by the invention. 

Also as mentioned above, even if deletion of one or more amino acids from the N- 
terminus or G-terminus of a reference polypeptide (e.g., a Therapeutic protein and/or serum 
albumin protein) results in modification or loss of one or more biological functions of the 

20 protein, other functional activities (e.g., biological activities, ability to multimerize, ability to 
bind a ligand) and/or Therapeutic activities may still be retained. For example the ability of 
polypeptides with C-terminal deletions to induce and/or bind to antibodies which recognize 
the complete or mature forms of the polypeptide generally will be retained when less than the 
majority of the residues of the complete or mature polypeptide are removed from the 

25 C-terminus. Whether a particular polypeptide lacking the N-terminal and/or C-terminal 
residues of a reference polypeptide retains Therapeutic activity can readily be determined by 
routine methods described herein and/or otherwise known in the art. 

The present invention further provides polypeptides having one or more residues 
deleted from the carboxy terminus of the amino acid sequence of a Therapeutic protein 

30 corresponding to a Therapeutic protein portion of an albumin fusion protein of the invention 
(e.g., a Therapeutic protein referred to in Table 1). In particular, C-terminal deletions may be 

described by the general formula 1-n, where n is any whole integer ranging from 6 to q-1, 

> 

and where q is a whole integer representing the total number of amino acid residues in a 
reference polypeptide (e.g., a Therapeutic protein referred to in Table 1). Polynucleotides 
35 encoding these polypeptides are also encompassed by the invention. 

In addition, the present invention provides polypeptides having one or more residues 
deleted from the carboxy terminus of the amino acid sequence of an albumin protein 
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corresponding to an albumin protein portion of an albumin fusion protein of the invention 
(e.g., serum albumin). In particular, C-terminal deletions may be described by the general 
formula 1-n, where n is any whole integer ranging from 6 to 584, where 584 is the whole 
integer representing the total number of amino acid residues in serum albumin (SEQ ID 
NO: 18) minus 1. Polynucleotides encoding these polypeptides are also encompassed by the 
invention. 

Moreover, the present invention provides polypeptides having one or more residues 
deleted from the carboxy terminus of an albumin fusion protein of the invention. In 
particular, C-terminal deletions may be described by the general formula 1-n, where n is any 

* * 

whole integer ranging from 6 to q-1, and where q is a whole integer representing the total 
number of amino acid residues in an albumin fusion protein of the invention. Polynucleotides 
encoding these polypeptides are also encompassed by the invention. 

In addition, any of the above described N- or C-terminal deletions can be combined to 
produce a N- and C-terminal deleted reference polypeptide. The invention also provides 
polypeptides having one or more amino acids deleted from both the amino and the carboxyl 
termini, which may be described generally as having residues m-n of a reference polypeptide 
(e.g., a Therapeutic protein referred to in Table 1, or serum albumin (e.g., SEQ ID NO: 18), 
or an albumin fusion protein of the invention) where n and m are integers as described above. 
Polynucleotides encoding these polypeptides are also encompassed by the invention. 

The present application is also directed to proteins containing polypeptides at least 
80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to a reference polypeptide 
sequence (e.g., a Therapeutic protein, serum albumin protein or an albumin fusion protein of 
the invention) set forth herein, or fragments thereof. In preferred embodiments, the 
application is directed to proteins comprising polypeptides at least 80%, 85%, 90%, 95%, . 
96%, 97%, 98% or 99% identical to reference polypeptides having the amino acid sequence 
of N- and C-terminal deletions as described above. Polynucleotides encoding these 
polypeptides are also encompassed by the invention. 

.r 

Preferred polypeptide fragments of the invention are fragments comprising, or 
alternatively, consisting of, an amino acid sequence that displays a Therapeutic activity and/or 
functional activity (e.g. biological activity) of the polypeptide sequence of the Therapeutic 
protein or serum albumin protein of which the amino acid sequence is a fragment. 
Other preferred polypeptide fragments are biologically active fragments. Biologically active 
fragments are those exhibiting activity similar, but not necessarily identical, to an activity of 
the polypeptide of the present invention. The biological activity of the fragments may include 
an improved desired activity, or a decreased undesirable activity. 

4 A — 

< 

Variants 4 

4 ^ 
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"Variant" refers to a polynucleotide or nucleic acid differing from a reference nucleic 
acid or polypeptide, but retaining essential properties thereof. Generally, variants are overall 
closely similar, and, in many regions, identical to the reference nucleic acid or polypeptide. 

As used herein, "variant", refers to a Therapeutic protein portion of an albumin fusion 
protein of the invention, albumin portion of an albumin fusion protein of the invention, or 
albumin fusion protein differing in sequence from a Therapeutic protein (e.g. see ' 
"therapeutic" column of Table 1), albumin protein, and/or albumin fusion protein of the 
invention, respectively, but retaining at least one functional and/or therapeutic property 
thereof (e.g., a therapeutic activity and/or biological activity as disclosed in the "Biological 
Activity" column of Table 1) as described elsewhere herein or otherwise known in the art. 
Generally, variants are overall very similar, and, in many regions, identical to the amino acid 
sequence of the Therapeutic protein corresponding to a Therapeutic protein portion of an 
albumin fusion protein of the invention, albumin protein corresponding to an albumin protein 
portion of an albumin fusion protein of the invention, and/or albumin fusion protein of the 
invention. Nucleic acids encoding these variants are also encompassed by the invention. 

The present invention is also directed to proteins which comprise, or alternatively 
consist of, an amino acid sequence which is at least 80%, 85%, 90%, 95%, 96%, 97%, 
98%, 99% or 100%, identical to, for example, the amino acid sequence of a Therapeutic 
protein corresponding to a Therapeutic protein portion of an albumin fusion protein of the 
invention (e.g., an amino acid sequence disclosed in the "Exemplary Identifier" column of 
Table 1, or fragments or variants thereof), albumin proteins (e.g., SEQ ID NO: 18 or 
fragments or variants thereof) corresponding to an albumin protein portion of an albumin 
fusion protein of the invention, and/or albumin fusion proteins of the invention. Fragments 
of these polypeptides are also provided (e.g., those fragments described herein). Further 
polypeptides encompassed by the invention are polypeptides encoded by polynucleotides 
which hybridize to the complement of a nucleic acid molecule encoding an amino acid 
sequence of the invention under stringent hybridization conditions (e.g., hybridization to filter 
bound DNA in 6X Sodium chloride/Sodium citrate (SSC) at about 45 degrees Celsius, 
followed by one or more washes in 0.2X SSC, 0.1% SDS at about 50 - 65 degrees Celsius), 
under highly stringent conditions (e.g., hybridization to filter bound DNA in 6X sodium. 
chloride/Sodium citrate (SSC) at about 45 degrees Celsius, followed by one or more washes 
in 0.1X SSC, 0.2% SDS at about 68 degrees Celsius), or under qther stringent hybridization 
conditions which are known to those of skill in the art (see, for example, Ausubel, F.M. et 
al., eds., 1989 Current protocol in Molecular Biology \ Green publishing associates, Inc., and 
John Wiley & Sons Inc., New York, at pages 6.3.1 - 6.3.6 and 2.10.3). Polynucleotides 
encoding these polypeptides are also encompassed by the invention. 

By a polypeptide having an amino acid sequence at least, for example, 95% "identical" 
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to a query amino acid sequence of the present invention, it is intended that the amino acid 
sequence of the subject polypeptide is identical to the query sequence except that the subject 
polypeptide sequence may include up to five amino acid alterations per each 100 amino acids 
of the query amino acid sequence. In other words, to obtain a polypeptide having an amino 
acid sequence at least 95% identical to a query amino acid sequence, up to 5% of the amino 
acid residues in the subject sequence may be inserted, deleted, or substituted with another 
amino acid. These alterations of the reference sequence may occur at the amino- or carboxy- 
terminal positions of the reference amino acid sequence or anywhere between those terminal 
positions, interspersed either individually among residues in the reference sequence or in one 
or more contiguous groups within the reference sequence. 

As a practical matter, whether any particular polypeptide is at least 80%, 85%, 90%, 
95%, 96%, 97%, 98% or 99% identical to, for instance, the amino acid sequence of an 
albumin fusion protein of the invention or a fragment thereof (such as the Therapeutic protein 
portion of the albumin fusion protein or the albumin portion of the albumin fusion protein), 
can be determined conventionally using known computer programs. A preferred method for 
determining the best overall match between a query sequence (a sequence of the present 
invention) and a subject sequence, also referred to as a global sequence alignment, can be 
determined using the FASTDB computer program based on the algorithm of Brutlag et al. 
(Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment the query and subject 
sequences are either both nucleotide sequences or both amino acid sequences. The result of 
said global sequence alignment is expressed as percent identity. Preferred parameters used, in 
a FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2, Mismatch Penalty=l, 
Joining Penalty=20, Randomization Group Length=0, Cutoff Score=l, Window 
Size-sequence length, Gap Penalty=5, Gap Size Penalty=0.05, Window Size=500 or the 
length of the subject amino acid sequence, whichever is shorter. 

If the subject sequence is shorter than the query sequence due to N- or C-terminal 
deletions, not because of internal deletions, a manual correction must be made to the results. 
This is because the FASTDB program does not account for N- and C-terminal truncations of 
the subject sequence when calculating global percent identity. For subject sequences 
truncated at the N- and C-termini, relative to the query sequence, the percent identity is 
corrected by calculating the number of residues of the query sequence that are N- and C- 
terminal of the subject sequence, which are not matched/aligned with a corresponding subject 
residue, as a percent of the total bases of the query sequence. Whether a residue is 
matched/aligned is determined by results of the FASTDB sequence alignment. This 
percentage is then subtracted from the percent identity, calculated by the above FASTDB 
program using the specified parameters, to arrive at a final percent identity score. This final 
percent identity score is what is used for the purposes of the present invention. Only residues 

5 
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to the N- and C-termini of the subject sequence, which are not matched/aligned with the query 
sequence, are considered for the purposes of manually adjusting the percent identity score. 
That is, only query residue positions outside the farthest N- and C- terminal residues of the 
subject sequence. 

5 For example, a 90 amino acid residue subject sequence is aligned with a 100 residue 

query sequence to determine percent identity. The deletion occurs at the N-terminus of the 
subject sequence and therefore, the FASTDB alignment does not show a matching/alignment 
of the first 10 residues at the N-terminus. The 10 unpaired residues represent 10% of the 
sequence (number of residues at the N- and C- termini not matched/total number of residues 

10 in the query sequence) so 10% is subtracted from the percent identity score calculated by the 
FASTDB program. If the remaining 90 residues were perfectly matched the final percent 
identity would be 90%. In another example, a 90 residue subject sequence is compared with 
a 100 residue query sequence. This time the deletions are internal deletions so there are no 
residues at the N- or C-termini of the subject sequence which are not matched/aligned with the 

15 query. In this case the percent identity calculated by FASTDB is not manually corrected. 
Once again, only residue positions outside the N- and C-terminal ends of the subject 
sequence, as displayed in the FASTDB alignment, which are not matched/aligned with the 
query sequence are manually corrected for. No other manual corrections are to made for the 
purposes of the present invention. 

20 The variant will usually have at least 75 % (preferably at least about 80%, 90%, 95% 

or 99%) sequence identity with a length of normal HA or Therapeutic protein which is the 
same length as the variant. Homology or identity at the nucleotide or amino acid sequence 
level is determined by BLAST (Basic Local Alignment Search Tool) analysis using the 
algorithm employed by the programs blastp, blastn, blastx, tblastn and tblastx (Karlin et al., 

25 Proc. Natl. Acad. Sci. USA 87: 2264-2268 (1990) and Altschul, J. Mol. Evol. 36: 290-300 

■ 

(1993), fully incorporated by reference) which are tailored for sequence similarity searching. 

The approach used by the BLAST program is to first consider similar segments 

# * 

between a query sequence and a database sequence, then to evaluate the statistical significance 
of all matches that are identified and finally to summarize only those matches which satisfy a 

30 preselected threshold of significance. For a discussion of basic issues in similarity searching 
of sequence databases, see Altschul et al, (Nature Genetics 6: 119-129 (1994)) which is fully 
incorporated by reference. The search parameters Jor histogram, descriptions, alignments, 
expect (i.e., the statistical significance threshold for reporting matches against database 
sequences), cutoff, matrix and filter are at the default settings. The default scoring matrix used 

35 by blastp, blastx, tblastn, and tblastx is the BLOSUM62 matrix (Henikoff et al, Proc, Natl. 
Acad : Sci. USA 89: 10915-10919 (1992), fully incorporated by reference). For blastn, the 
scoring matrix is set by the ratios of M (i.e., the reward score for a pair of matching residues) 
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to N (i.e., the penalty score for mismatching residues), wherein the default values for M and 
N are 5 and -4, respectively. Four blastn parameters may be adjusted as follows: Q=10 (gap 
creation penalty); R=10 (gap. extension penalty); wink=l (generates word hits at every wink th 
position along the query); and gapw=16 (sets the window width within which gapped 
5 alignments are generated). The equivalent Blastp parameter settings were Q=9; R=2; wink=l; 
and gapw-32. A Bestfit comparison between sequences, available in the GCG package 
version 10.0, uses DNA parameters GAP=50 (gap creation penalty) and LEN=3 (gap 
extension penalty) and the equivalent settings in protein comparisons are GAP=8 and LEN=2. 
The polynucleotide variants of the invention may contain alterations in the coding 

10 regions, non-coding regions, or both. Especially preferred are polynucleotide variants 
containing alterations which produce silent substitutions, additions, or deletions, but do not 
alter the properties or activities of the encoded polypeptide. Nucleotide variants produced by 
silent substitutions due to the degeneracy of the genetic code are preferred. Moreover, 
polypeptide variants in which less than 50, less than 40, less than 30, less than 20, less than 

15 10, or 5-50, 5-25, 5-10, 1-5, or 1-2 amino acids are substituted, deleted, or added in any 
combination are also preferred. Polynucleotide variants can be produced for a variety of 
reasons, e.g., to optimize codon expression for a particular host (change codons in the human 
mRNA to those preferred by a bacterial host, such as, yeast or E. coli). 

In a preferred embodiment, a polynucleotide encoding an albumin portion of an 

20 albumin fusion protein of the invention is optimized for expression in yeast or mammalian 
cells. In further preferred embodiment, a polynucleotide encoding a Therapeutic protein 
portion of an albumin fusion protein of the invention is optimized for expression in yeast or 
mammalian cells. In a still further preferred embodiment, a polynucleotide encoding an 
albumin fusion protein of the invention is optimized for expression in yeast or mammalian 

25 cells. ' 

In an alternative embodiment, a codon optimized polynucleotide encoding a 
Therapeutic protein portion of an albumin fusion protein of the invention does not hybridize to 
the wild type polynucleotide encoding the Therapeutic protein under stringent hybridization 
conditions as described herein. In a further embodiment, a codon optimized polynucleotide 

30 encoding an albumin portion of an albumin fusion protein of the invention does not hybridize 
to the wild type polynucleotide encoding the albumin protein under stringent hybridization 
conditions as described herein. In another embodiment, a codon optimized polynucleotide 
encoding an albumin fusion protein of the invention does not hybridize to the wild type 

polynucleotide encoding the Therapeutic protein portin or the albumin protein portion under 

■ • 

35 stringent hybridization conditions as described herein. 

In an additional embodiment, polynucleotides encoding a Therapeutic protein portion 
of an albumin fusion protein of the invention do not comprise, or alternatively consist of, the 
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naturally occurring sequence of that Therapeutic protein. In a further embodiment, 
polynucleotides encoding an albumin protein portion of an albumin fusion protein of the 
invention do not comprise, or alternatively consist of, the naturally occurring sequence of 
albumin protein. In an alternative embodiment, polynucleotides encoding an albumin fusion 
5 protein of the invention do not comprise, or alternatively consist of , of the naturally occurring 
sequence of a Therapeutic protein portion or the albumin protein portion. 

Naturally occurring, variants are called "allelic variants/' and refer to one of several 
alternate forms of a gene occupying a given locus on a chromosome of an organism. (Genes 
II, Lewin, B., ed., John Wiley & Sons, New York (1985)). These allelic variants can vary at 
10 either the polynucleotide and/or polypeptide level and are included in the present invention. 
Alternatively, non-naturally occurring variants may be produced by mutagenesis techniques or 
by direct synthesis. 

Using known methods of protein engineering and recombinant DNA technology, 
variants may be generated to improve or alter the characteristics of the polypeptides of the 

15 present invention. For instance, one or more amino acids can be deleted from the N-terminus 
or C-terminus of the polypeptide of the present invention without substantial loss of biological 
function. As an example, Ron et al. (J. Biol. Chem. 268: 2984-2988 (1993)) reported variant 
KGF proteins having heparin binding activity even after deleting 3, 8, or 27 amino-terminal 
amino acid residues. Similarly, Interferon gamma exhibited up to ten times higher activity 

20 after deleting 8-10 amino acid residues from the carboxy terminus of this protein. (Dobeli et 
al., J. Biotechnology 7: 199-216 (1988).) 

Moreover, ample evidence demonstrates that variants often retain a biological activity 
similar to that of the naturally occurring protein. For example, Gayle and coworkers (J. Biol. 
Chem. 268:22105-22111 (1993)) conducted extensive mutational analysis of human cytokine 

25 IL-la. They used random mutagenesis to generate over 3,500 individual IL-la mutants that 
averaged 2.5 amino acid changes per variant over the entire length of the molecule. Multiple 
mutations were examined at every possible amino acid position. The investigators found that 
"[m]ost of the molecule could be altered with little effect on either [binding or biological 
activity]." In fact, only 23 unique amino acid sequences, out of more than 3,500 nucleotide 

30 sequences examined, produced a protein that significantly differed in activity from wild-type. 

Furthermore, even if deleting one or more amino acids from the N-terminus or C- 
terminus of a polypeptide, results in modification or loss of one or more biological functions, 
other biological activities may still be retained. For example, the ability of a deletion variant to 
induce and/or to bind antibodies which recognize the secreted form will likely be retained 

35 when less than the majority of the residues of the secreted form are removed from the N- 
terminus or C-terminus. Whether a particular polypeptide lacking N- or C-terminal residues 
of a protein retains such immunogenic activities can readily be determined by routine methods 

, 44 



WO 01/79480 PCT7US01/11991 

described herein and otherwise known in the art. 

Thus, the invention further includes polypeptide variants which have a functional * 
activity (e.g., biological activity and/or therapeutic activity). In highly preferred embodiments 
the invention provides variants of albumin fusion proteins that have a functional activity (e.g., 
5 biological activity and/or therapeutic activity, such as that disclosed in the "Biological 
Activity" column in Table 1) that corresponds to one or more biological and/or therapeutic 
activities of the Therapeutic protein corresponding to the Therapeutic protein portion of the 
albumin fusion protein. Such variants include deletions, insertions, inversions, repeats, and 
substitutions selected according to general rules known in the art so as have little effect on 

10 activity. . , 

In preferred embodiments, the variants of the invention have conservative 
substitutions. By "conservative substitutions" is intended swaps within groups such as 
replacement of the aliphatic or hydrophobic amino acids Ala, Val, Leu and Jle; replacement of 
the hydroxy! residues Ser and Thr; replacement of the acidic residues Asp -and Glu; 

15 replacement of the amide residues Asn and Gin, replacement of the basic residues Lys, Arg, 
-and His; replacement of the aromatic residues Phe, Tyr, and Trp, and replacement of the 
small-sized amino acids Ala, Ser, Thr, Met, and Gly. 

Guidance concerning how to make phenotypically silent amino acid substitutions is 
provided, for example, in Bowie et al., "Deciphering the Message in Protein Sequences: 

20 . Tolerance to Amino Acid Substitutions," Science 247:1306-1310 (1990), wherein the authors 
indicate that there are two main strategies for studying the tolerance of an amino acid sequence 
to change. 

The first strategy exploits the tolerance of amino acid substitutions by natural selection 
during the process of evolution. By comparing amino acid sequences in different species, 

25 conserved amino acids can be identified. These conserved amino acids are likely important 
for protein function. In contrast, the amino acid positions where substitutions have been 
tolerated by natural selection indicates that these positions are not critical for protein function. 
Thus, positions tolerating amino acid substitution could be modified while still maintaining 
biological activity of the protein. 

30 The second strategy uses genetic engineering to introduce amino acid changes at 

specific positions of a cloned gene to identify regions critical for protein function. For 
example, site directed mutagenesis or alanine-scanning mutagenesis (introduction of single 
alanine mutations at every residue in the molecule) can be used. See Cunningham and Wells, 
Science 244:1081-1085 (1989). The resulting mutant molecules can then be tested for 

35 biological activity. 

As the authors state, these two strategies have revealed that proteins are surprisingly 
tolerant of amino acid substitutions. The authors further indicate which amino acid changes 
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are likely to be permissive at certain amino acid positions in the protein. For example, most 
buried (within the tertiary structure of the protein) amino acid residues require nonpolar side 
chains, whereas few features of surface side chains are generally conserved. Moreover, 
tolerated conservative amino acid substitutions involve replacement of the aliphatic or 
5 hydrophobic amino acids Ala, Val, Leu and He; replacement of the hydroxyl residues Ser and 
Thr; replacement of the acidic residues Asp and Glu; replacement of the amide residues Asn 
and Gin, replacement of the basic residues Lys, Arg, and His; replacement of the aromatic 
residues Phe, Tyr, and Trp, and replacement of the small-sized amino acids Ala, Ser, Thr, 
Met, and Gly. Besides conservative amino acid substitution, variants of the present invention 

10 include (i) polypeptides containing substitutions of one or more of the non-conserved amino 
acid residues, where the substituted amino acid residues may or may not be one encoded by 
the genetic code, or (ii) polypeptides containing substitutions of one or more of the amino acid 
residues having a substituent group, or (iii) polypeptides which have been fused with or 
chemically conjugated to another compound, such as a compound to increase the stability 

15 and/or solubility of the polypeptide (for example, polyethylene glycol), (iv) polypeptide 
containing additional amino acids, such as, for example, an IgG Fc fusion region peptide, . 
Such variant polypeptides are deemed to be within the scope of those skilled in the art from 
the teachings herein. 

For example, polypeptide variants containing amino acid substitutions of charged 
20 amino acids with other charged or neutral amino acids may produce proteins with improved 
characteristics, such as less aggregation. Aggregation of pharmaceutical formulations both 
reduces activity and increases clearance due to the aggregate's immunogenic activity. See 
Pinckard et al., Clin. Exp. Immunol. 2:331-340 (1967); Robbins et ah, Diabetes 36: 838-845 
(1987); Cleland et al., Crit. Rev. Therapeutic Drug Carrier Systems 10:307-377 (1993). 
25 In specific embodiments, the polypeptides of the invention comprise, or alternatively, 

consist of, fragments or variants of the amino acid sequence of a Therapeutic protein 
described herein and/or human serum albumin, and/or albumin fusion protein of the 
invention, wherein the fragments or variants have 1-5, 5-10, 5-25, 5-50, 10-50 or 50-150, 
amino acid residue additions, substitutions, and/or deletions when compared to the reference 
30 amino acid sequence. In preferred embodiments, the amino acid substitutions are 
conservative; Nucleic acids encoding these polypeptides are also encompassed by the 
invention. 

The polypeptide of the present invention can be composed of amino acids joined to 

i 

each other by peptide bonds or modified peptide bonds-, i.e., peptide isosteres, and may 
35 contain amino acids other than the 20 gene-encoded amino acids. The polypeptides may be 
modified by either natural processes, such as post-translational processing, or by chemical 
modification techniques which are well known in the art. Such modifications are well 
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described in basic texts and in more detailed monographs, as well as in a voluminous research 
literature. Modifications can occur anywhere in "a polypeptide, including the peptide 
backbone, the amino acid side-chains and the amino or carboxyl termini. It will be 
appreciated that the same type of modification may be present in the same or varying degrees 
5 at several sites in a given polypeptide. Also, a given polypeptide may contain many types of 
modifications. Polypeptides may be branched, for example, as a result of ubiquitination, and 
they may be cyclic, with or without branching.. Cyclic, branched, and branched cyclic 
polypeptides may result from posttranslation natural processes or may be made by synthetic 
methods. Modifications include acetylation, acylation, ADP-ribosylation, amidation, covalent 
10 attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a 
nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative, covalent 
attachment of phosphotidylinositol, cross-linking, cyclization, disulfide bond formation, 
demethylation, formation of covalent cross-links, formation of cysteine, formation of 
pyroglutamate, formylation, gamma-carbdxylation, glycosylation, GPI anchor formation, 
15 hydroxy lation, iodination, methylation, myristylation, oxidation, pegylation, proteolytic 
processing, phosphorylation, prenylation, racemization, selenoylation, sulfation, transfer- 
RNA mediated addition of amino acids to proteins such as arginylation, and ubiquitination. 
(See, for instance, PROTEINS - STRUCTURE AND MOLECULAR PROPERTIES, 2nd 
Ed., T. E. Creighton, W. H. Freeman and Company, New York (1993); POST- 
20 TRANSLATIONAL COVALENT MODIFICATION OF PROTEINS, B. C. Johnson, Ed., 
Academic Press, New York, pgs. 1-12 (1983); Seifter et al., Meth. Enzymol. 182:626-646 
(1990); Rattan et aL, Ann. N.Y. Acad. Sci. 663:48-62 (1992)). 

Functional activity 

25 "A polypeptide having functional activity" refers to a polypeptide capable of 

displaying one or more known; functional activities associated with the full-length, pro- 
protein, and/or mature form of a Therapeutic protein. Such functional activities include, but 
are not limited to, biological activity, antigenicity [ability to bind (or compete with a 
polypeptide for binding) to an anti-polypeptide antibody], immunogenicity (ability to generate 

30 antibody which binds to a specific polypeptide of the invention), ability to form multimers 
with polypeptides of the invention, and ability to bind to a receptor or ligand for a 
polypeptide. * 

"A polypeptide having biological activity" refers to a polypeptide exhibiting activity 
similar to, but not necessarily identical to, an activity of a Therapeutic protein of the present 

35 invention, including mature forms, as measured in a particular biological assay, with or 
without dose dependency. In the case where dose dependency does exist, it need not be 
identical to that of the polypeptide, but rather substantially similar to the dose-dependence in a 
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given activity as compared to the polypeptide of the present invention (i.e., the candidate 
polypeptide will exhibit greater activity or not more than about 25-fold less and, preferably, 
not more than about tenfold less activity, and most preferably, not more than about three-fold 
less activity relative to the polypeptide of the present invention). 
5 In preferred embodiments, an albumin fusion protein of the invention has at least one 

biological and/or therapeutic activity associated with the Therapeutic protein (or fragment or 
variant thereof) when it is not fused to albumin. 

The albumin fusion proteins of the invention can be assayed for functional activity 
(e.g., biological activity) using or routinely modifying assays known in the art, as well as 

10 assays described herein. Specifically, albumin fusion proteins may be assayed for functional 
activity (e.g., biological activity or therapeutic activity) using the assay referenced in the 
"Exemplary Activity Assay" column of Table 1. Additionally, one of skill in the art may 
routinely assay fragments of a Therapeutic protein corresponding to a Therapeutic protein 
portion of an albumin fusion protein of the invention, for activity using assays referenced in 

15 its corresponding row of Table 1. Further, one of skill in the art may routinely assay 
fragments of an albumin protein corresponding to an albumin protein portion of an albumin 
fusion protein of the invention, for activity using assays known in the art and/or as described 
in the Examples section below. 

For example, in one embodiment where one is assaying for the ability of an albumin 

20 fusion protein of the invention to bind or compete with a Therapeutic protein for binding to 
an anti-Therapeutic polypeptide antibody and/or anti-albumin antibody, various 
immunoassays known in the art can be used, including but not limited to, competitive and 
non-competitive assay systems using techniques such as radioimmunoassays, EUSA 
(enzyme linked immunosorbent assay), "sandwich" immunoassays, immunoradiometric 

25 assays, gel diffusion precipitation reactions, immunodiffusion assays, in situ immunoassays 
(using colloidal gold, enzyme or radioisotope labels, for example), western blots, 
precipitation reactions, agglutination assays (e.g., gel agglutination assays, hemagglutination 
assays), complement fixation assays, immunofluorescence assays, protein A assays, and 
immunoelectrophoresis assays, etc. In one embodiment, antibody binding is detected by 

30 detecting a label on the primary antibody. In another embodiment, the primary antibody is 
. detected by detecting binding of a secondary antibody or reagent to the primary antibody. In a 
further embodiment, the secondary antibody is labeled. Many means are known in the art for 
detecting binding in an immunoassay and are within the scope of the present invention. 

In a preferred embodiment, where a binding partner (e.g., a receptor or a ligand) of a 

35 Therapeutic protein is identified, binding to that binding partner by an albumin fusion protein 
containing that Therapeutic protein as the Therapeutic protein portion of the fusion can be 
assayed, e.g., by means well-known in the art, such as, for example, reducing and non- 
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reducing gel chromatography, protein affinity chromatography, and affinity blotting. See 
generally, Phizicky et al., Microbiol. Rev. 59:94-123 (1995). In another embodiment, the 
ability of physiological correlates of an albumin fusion protein of the present invention to 
bind to a substrate(s) of the Therapeutic polypeptide corresponding to the Therapeutic portion 
5 of the albumin fusion protein of the invention can be routinely assayed using techniques 
known in the art. 

In an alternative embodiment, where the ability of an albumin fusion protein of the 
invention to multimerize is being evaluated, association with other components of the 
multimer can be assayed, e.g., by means well-known in the art, such as, for example, 

10 reducing .and non-reducing gel chromatography, protein affinity chromatography, and affinity 
blotting. See generally, Phizicky et al., supra. 

In preferred embodiments, an albumin fusion protein of the invention comprising all 
or a portion of an antibody that binds a Therapeutic protein, has at least one biological and/or 
therapeutic activity (e.g., to specifically bind a polypeptide or epitope) associated with the 

15 antibody that binds a Therapeutic protein (or fragment or variant thereof) when it is not fused 
to albumin. In other preferred embodiments, the biological, activity and/or therapeutic activity 
of an albumin fusion protein of the invention comprising all or a portion of an antibody that 
binds a Therapeutic protein is the inhibition (i.e. antagonism) or activation (i.e., agonism) of 
one or more of the biological activities and/or therapeutic activities associated with the 

20 polypeptide that is specifically bound by antibody that binds a Therapeutic protein. 

Albumin fusion proteins of the invention (e.g., comprising at least a fragment or 
variant of an antibody that binds a Therapeutic protein) may be characterized in a variety of 
ways. In particular, albumin fusion proteins of the invention comprising at least a fragment 
or variant of an antibody that binds a Therapeutic protein may be assayed for the ability to 

25 specifically bind to the same antigens specifically bound by the antibody that binds a 
Therapeutic protein corresponding to the Therapeutic protein portion of the albumin fusion 
protein using techniques described herein or routinely modifying techniques known in the art 
Assays for the ability of the albumin fusion proteins of the invention (e.g., comprising 
at least a fragment or variant of an antibody that binds a Therapeutic protein) to (specifically) 

30 bind a specific protein or epitope may be performed in solution (e.g., Houghten, 
Bio/Techniques 13:412-421(1992)), on beads (e.g., Lam, Nature 354:82-84 (1991)), on 
chips (e.g., Fodor, Nature 364:555-556 (1993)), on bacteria (e.g., U.S. Patent No. 
5,223,409), on spores (e.g., Patent Nos. 5,571,698; 5,403,484; and 5,223,409), on 
plasmids (e.g., Cull et al., Prbc. Natl. Acad. Sci. USA 89:1865-1869 (1992)) or on phage 

35 (e.g., Scott and Smith, Science 249:386-390 (1990); Devlin, Science 249:404-406 (1990); 
Cwirla et al., Proc. Natl. Acad. Sci. USA 87:6378-6382 (1990); and Felici, J. Mol. Biol. 

r 

222:301-310 (1991)) (each of these references is incorporated herein in its entirety by 
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reference). Albumin fusion proteins of the invention comprising at least a fragment or variant 
of a Therapeutic antibody may also be assayed for their specificity and affinity for a specific 
protein or epitope using or routinely modifying techniques described herein or otherwise 
known in the art. 

5 The albumin fusion proteins of the invention comprising at least a fragment or variant 

of an antibody that binds a Therapeutic protein may be assayed for cross-reactivity with other 
antigens (e.g., molecules that have sequence/structure conservation with the molecule(s) 
specifically bound by the antibody that binds a Therapeutic protein (or fragment or variant 
thereof) corresponding to the Therapeutic protein portion of the albumin fusion protein of the 

10 invention) by any method known in the art. 

Immunoassays which can be used to analyze (immunospecific) binding and cross- 
reactivity include, but are not limited to, competitive and non-competitive assay systems using 
techniques such as western blots, radioimmunoassays, ELISA (enzyme linked 
immunosorbent assay), "sandwich" immunoassays, immunoprecipitation assays, precipitin 

15 reactions, gel diffusion precipitin reactions, immunodiffusion assays, agglutination assays, 
complement-fixation assays, immunoradiometric assays, fluorescent immunoassays, and 
protein A immunoassays, to name but a few. Such assays are routine and well known in the 
art (see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John 
Wiley & Sons, Inc., New York; which is incorporated by reference herein in its entirety). 

20 Exemplary immunoassays are described briefly below (but are not intended by way of, 
limitation). 

4 

Immunoprecipitation protocols generally comprise lysing a population of cells in a 
lysis buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium deoxycholate, 
0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1% Trasylol) supplemented 

25 with protein phosphatase and/or protease inhibitors (e.g., EDTA, PMSF, aprotinin, sodium 
vanadate), adding the albumin fusion protein of the invention (e.g., comprising at least a 
fragment or variant of an antibody that binds a Therapeutic protein) to the cell lysate, 
incubating for a period of time (e.g., 1 to 4 hours) at 40 degrees C, adding sepharose beads 
coupled to an anti-albumin antibody, for example, to the cell lysate, incubating for about an 

30 hour or more at 40 degrees C, washing the beads in lysis buffer and resuspending the beads 
in SDS/sample buffer. The ability of the albumin fusion protein of the invention to 
immunoprecipitate a particular antigen can be assessed by, e.g., western blot analysis. One 
of skill in the art would be knowledgeable as to the parameters that can be modified to 
increase the binding of the albumin fusion protein to an antigen and decrease the background 

v i 

35 (e.g., pre-clearing the cell lysate with sepharose beads). For further discussion regarding 
immunoprecipitation protocols see, e.g., Ausubel et al, eds, 1994, Current Protocols in 
Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at .10.16.1. 

* » 
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Western blot analysis generally comprises preparing protein samples, electrophoresis 
of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS-PAGE depending on the 
molecular weight of the antigen), transferring the protein sample from the polyacrylamide gel 
to a membrane such as nitrocellulose, PVDF or nylon, blocking the membrane in blocking 
5 solution (e.g., PBS with 3% BSA or non-fat milk), washing~the membrane in washing buffer 
(e.g., PBS-Tween 20), applying the albumin fusion protein of the invention (diluted in 
blocking buffer) to the membrane, washing the membrane in washing buffer, applying a 
secondary antibody (which recognizes the albumin fusion protein, e.g., an anti-human serum 
albumin antibody) conjugated to an enzymatic substrate (e.g., horseradish peroxidase or 

10 alkaline phosphatase) or radioactive molecule (e.g., 32 P or 125 I) diluted in blocking buffer, 
washing the membrane in wash buffer, and detecting the presence of the antigen. One of skill 
in the art would be knowledgeable as to the parameters that can be modified to increase the 
signal detected and to reduce the background noise. For further discussion regarding western 
blot protocols see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, 

15 Vol. 1, John Wiley & Sons, Inc., New York at 10.8.1. 

ELISAs comprise preparing antigen, coating the well of a 96-well microtiter plate with 
the antigen, washing aWay antigen that did not bind the wells, adding the albumin fusion 
protein (e.g., comprising at least a fragment or variant of an antibody that binds a Therapeutic 
protein) of the invention conjugated to a detectable compound such as an enzymatic substrate 

20 (e.g., horseradish peroxidase or alkaline phosphatase) to the wells and incubating for a period 
of time, washing away unbound or non-specifically bound albumin fusion proteins, and 
detecting the presence of the albumin fusion proteins specifically bound to the antigen coating 
the well. In ELISAs the albumin fusion protein does not have to be conjugated to a detectable 
compound; instead, a second antibody (which recognizes albumin fusion protein) conjugated 

25 to a detectable compound may be added to the well. Further, instead of coating the well with 
the antigen; the albumin fusion protein may be coated to the well. In this case, the detectable 
molecule could be the antigen conjugated to a detectable compound such as an enzymatic 
substrate (e.g., horseradish peroxidase or alkaline phosphatase). One of skill in the art would 
be knowledgeable as to the parameters that can be modified to increase the signal detected as 

30 well as other variations of ELISAs known in the art. For further discussion regarding 

c 

ELISAs see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, 
John Wiley & Sons, Inc., New York at 11.2.1. 

The binding affinity of an albumin fusion protein to a protein, antigen, or epitope and 
the off-rate of an albumin fusion protein-protein/antigen/epitope interaction can be determined 
35 by competitive binding assays. One example of a competitive binding assay is a 
radioimmunoassay comprising the incubation of labeled antigen (e.g., 3 H or I25 I) with the 

albumin fusion protein of the invention in the presence of increasing amounts of unlabeled 

■ 
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antigen, and the detection of the antibody bound to the labeled antigen. The affinity of the 
albumin fusion protein of the present invention for a specific protein, antigen, or epitope and 
the binding off-rates can be determined from the data by Scatchard plot analysis. Competition 
with a second protein that binds the same protein, antigen or epitope as the albumin fusion 
5 protein, can also be determined using radioimmunoassays. In this case, the protein, antigen 
or epitope is incubated with an albumin fusion protein of the present invention conjugated to a 
labeled compound (e.g., 3 H or 125 I) in the presence of increasing amounts of an unlabeled 
second protein that binds the same protein, antigen, or epitope as the albumin fusion protein 
of the invention. 

10 In a preferred embodiment, BIAcore kinetic analysis is used to determine the binding 

on and off rates of albumin fusion proteins of the invention to a protein, antigen or epitope. 
BIAcore kinetic analysis comprises analyzing the binding and dissociation of albumin fusion 
proteins, or specific polypeptides, antigens or epitopes from chips with immobilized specific 
polypeptides, antigens or epitopes or albumin fusion proteins, respectively, on their surface. 

15 Antibodies that bind a Therapeutic protein corresponding to the Therapeutic protein 

portion of an albumin fusion protein of the invention may also be described or specified in 
terms of their binding affinity for a given protein or antigen, preferably the antigen which they 
specifically bind. Preferred binding affinities include those with a dissociation constant or Kd 
less than 5 X 10" 2 M, 10" 2 M, 5 X ICr 3 M, KT 3 M, 5 X 1CT 4 M, 10" 4 M. More preferred 

20 binding affinities include those with a dissociation constant or Kd less than 5 X 10" 5 M, 10" 5 
M, 5 X 10" 6 M, 10- 6 M, 5 X 10" 7 M, 10 7 M, 5 X 10" 8 M or 10' 8 ML Even more preferred 
binding affinities include those with a dissociation constant or Kd less than 5 X 10" 9 M, 10~ 9 
M, 5 X 10- 10 M, 10 10 M, 5 X 10 11 M, 10 u M, 5 X 10 12 M, 1012 M, 5 X 10 13 M, 10~ 13 M, 5 
X 10" 14 M, 10" 14 M, 5 X 10" 15 M, or 10 1S M. In preferred embodiments, albumin fusion 

25 proteins comprising at least a fragment or variant of an antibody that binds a Therapeutic 
protein, has an affinity for a given protein or epitope similar to that of the corresponding 
antibody (not fused to albumin) that binds a Therapeutic protein, taking into account the 
valency of the albumin fusion protein (comprising at least a fragment or variant of an antibody 
that binds a Therapeutic protein) and the valency of the corresponding antibody. 

30 In addition, assays described herein (see Examples and Table 1) and otherwise known 

■ * K 

* r 

in the art may routinely be applied to measure the ability of albumin fusion proteins of the 
present invention and fragments, variants and derivatives thereof to elicit biological activity 
and/or Therapeutic activity (either in vitro or in vivo) related to either the Therapeutic protein 
portion and/or albumin portion of the albumin fusion protein of the present invention. Other 
35 methods will be known to the skilled artisan and are within the scope of the invention. 

Albumin 
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As described above, an albumin fusion protein of the invention comprises at least a 
fragment or variant of a Therapeutic protein and at least a fragment or variant of human serum 
albumin, which are associated with one another, preferably by genetic fusion or chemical 
conjugation. 

5 The .terms, human serum albumin (HSA) and human albumin (HA) are used 

interchangeably herein. The terms, "albumin and "serum albumin" are broader, and 
encompass human serum albumin (and fragments and variants thereof) as well as albumin 
from other species (and fragments and variants thereof). 

As used herein, "albumin" refers collectively to albumin protein or amino acid 

* 

10 sequence, or an albumin fragment or variant, having one or more functional activities (e.g., 
biological activities) of albumin. In particular, "albumin" refers to human albumin or 
fragments thereof (see EP201 239, EP 322 094 WO 97/24445*) W095/23857) especially the 
mature form of human albumin as shown in Figure 15 and SEQ ID NO: 18, or albumin from 
other vertebrates or fragments thereof, or analogs or variants of these molecules or fragments 

15 thereof. . - 

In preferred embodiments, the human serum albumin protein used in the albumin 
fusion proteins of the invention contains one or both of the following sets of point mutations 
with reference to SEQ ID NO:18: Leu-407 to Ala, Leu-408 to Val, Val-409 to Ala, and Arg- 
410 to Ala; or Arg-410 to A, Lys-413 to Gin, and Lys-414 to Gin (see, e.g., International 

20 Publication No. W095/23857, hereby incorporated in its entirety by reference herein). In 
even more preferred embodiments, albumin fusion proteins of the invention that contain one 
or both of above-described sets of point mutations have improved stability/resistance to yeast 
Yap3p proteolytic cleavage, allowing increased production of recombinant albumin fusion 
proteins expressed in yeast host cells. 

25 As used herein, a portion of albumin sufficient to prolong the therapeutic activity or 

shelf-life of the Therapeutic protein refers to a portion of albumin sufficient in length or 
structure to stabilize or prolong the therapeutic activity of the protein so that the shelf life of 

-» 

the Therapeutic protein . portion of the albumin fusion protein is prolonged or extended 
compared to the.shelf-life in the non-fusion state. The albumin portion of the albumin fusion 

30 proteins may comprise the full length of the HA sequence as described above or as shown in 
Figure 15, or may include one or more fragments thereof that are capable of stabilizing or 
prolonging the therapeutic activity. Such fragments may be of 10 or more amino acids in 
length or may include about 15, 20, 25, 30, 50, or more contiguous amino acids from the HA 
sequence or may include part or all of specific domains of HA. For instance, one or more 

35 fragments of HA spanning the first two immunoglobulin-like domains may be used. 

The albumin portion of the albumin fusion proteins of the invention may be a variant 
of normal HA. The Therapeutic protein portion of the albumin fusion proteins of the 
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invention may also be variants of the Therapeutic proteins as described herein. The term 
"variants" includes insertions, deletions and substitutions, either conservative or non 
conservative, where such changes do not substantially alter one or more of the oncotic, useful 
ligand-binding and non-immunogenic properties of albumin, or the active site, or active 
5 domain which confers the therapeutic activities of the Therapeutic proteins. 

In particular, the albumin fusion proteins of the invention may include naturally 
occurring polymorphic variants of human albumin and fragments of human albumin, for 
example those fragments disclosed in EP 322 094 (namely HA (Pn), where n is 369 to 419). 
The albumin may be derived from any vertebrate, especially any mammal, for example 

10 human, cow, sheep, or pig. Non-mammalian albumins include, but are not limited to, hen 
and salmon. The albumin portion of the albumin fusion protein may be from a different 
animal than the Therapeutic protein portion. 

Generally speaking, an HA fragment or variant will be at least 100 amino acids long, 
preferably at least 150 amino acids long. The HA variant may consist of or alternatively 

15 comprise at least one whole domain of HA, for example domains 1 (amino acids 1-194 of 
SEQ ID NO: 18), 2 (amino acids 195-387 of SEQ ID NO: 18), 3 (amino acids 388-585 of SEQ 
ID NO:18), 1 + 2 (1-387 of SEQ ID NO:18), 2 + 3 (195-585 of SEQ ID NO:18) or 1 + 3 
(amino acids 1-194 of SEQ ID NO: 18 + amino acids 388-585 of SEQ ID NO: 18). Each 
domain is itself made up of two homologous subdomains namely 1-105, 120-194, 195-291, 

20 316-387, 388-491 and 512-585, with flexible inter-subdomain linker regions comprising 
residues Lysl06 to Giull9, Glu292 to Val315 and Glu492 to AlaSIL 

Preferably, the albumin portion of an albumin fusion protein of the invention 
comprises at least one subdomain or domain of HA or conservative modifications thereof. If 
the fusion is based on subdomains, some or all of the adjacent linker is preferably used to link 

25 to the Therapeutic protein moiety. 

* 

Antibodies that Specifically bind Therapeutic proteins are also Therapeutic proteins 

The present invention also encompasses albumin fusion proteins that comprise at least 
a fragment or variant of an antibody that specifically binds a Therapeutic protein disclosed in 
30 Table 1. It is specifically contemplated that the term 'Therapeutic protein'' encompasses 
antibodies that bind a Therapeutic protein and fragments and variants thereof. Thus an 
albumin fusion protein of the invention may contain at least a fragment or variant of a 
Therapeutic protein, and/or at least a fragment or variant of an an antibody that binds a 
Therapeutic protein. 

35 

Antibody structure and background . 
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The basic antibody structural unit is known to comprise a tetrarner. Each tetramer is 
composed of two identical pairs of polypeptide chains, each pair having one "light" (about 25 
kDa) and one "heavy" chain (about 50-70 kDa). The amino-terminal portion of each chain 
includes a variable region of about 100 to 110 or more amino acids primarily responsible for 
5 antigen recognition. The carboxy-terminal portion of each chain defines a constant region 
primarily responsible for effector function. Human light chains are classified as kappa and 
lambda light chains. Heavy chains are classified as mu, delta, gamma, alpha, or epsilon, and 
define the antibody's isotype as IgM, IgD, lgG, IgA, and I gE, respectively. See generally. 
Fundamental Immunology Chapters 3-5 (Paul, W., ed., 4th ed. Raven Press, N.Y. (1998)) 

10 (incorporated by reference in its entirety for all purposes). The variable regions of each 
light/heavy chain pair form the antibody binding site. 

Thus, an intact IgG antibody has two binding sites. Except in Afunctional or bispecific 
antibodies, the two binding sites are the same. 

The chains all exhibit the same general structure of relatively conserved framework 

15 regions (FR) joined by three hypervariable regions, also called complementarity determining 
regions or CDRs. The CDR regions, in general, are the portions of the antibody which make 
contact with the antigen and determine its specificity. The CDRs from the heavy and the light 
chains of each pair are aligned by the framework regions, enabling binding to a specific 
epitope. From N-terminal to C-terminal, both light and heavy chains variable regions 

20 comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The variable regions 
are connected to the heavy or light chain constant region. The assignment of amino acids to 
each domain is in accordance with the definitions of Kabat Sequences of Proteins of 
Immunological Interest (National Institutes of Health, Bethesda, Md. (1987 and 1991)), or 
Chothia & Lesk J Mol. Biol 196:901-917 (1987); Chothia et al. Nature 342:878-883 (1989). 

25 As used herein, "antibody" refers to immunoglobulin molecules and immunologically 

♦ 

active portions of immunoglobulin, molecules, i.e., molecules that contain an antigen binding 
site that specifically binds an antigen (e.g., a molecule containing one or more CDR regions 
of an antibody). Antibodies that may correspond to a Therapeutic protein portion of, an 
albumin fusion protein include, but are not limited to, monoclonal, multispecific, human, 
30 humanized or chimeric antibodies, single chain antibodies (e.g., single chain Fvs), Fab 
fragments, F(ab') fragments, fragments produced by a Fab expression library, anti-idiotypic 
(anti-Id) antibodies (including, e.g., anti-Id antibodies specific to antibodies of the invention), 
and epitope-binding fragments of any of the above (e.g., VH domains, VL domains, or one 
or more CDR regions). 

» * 

35 

Antibodies that bind Therapeutic Proteins 

The present invention encompasses albumin fusion proteins that comprise at least a 
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fragment or variant of an antibody that binds a Therapeutic Protein (e.g., as disclosed in Table 
1) or fragment or variant thereof. 

Antibodies that bind a Therapeutic protein (or fragment or variant thereof) may be 
from any animal origin, including birds and mammals. Preferably, the antibodies are human, 
5 murine (e.g., mouse and rat), donkey, sheep, rabbit, goat, guinea pig, camel, horse, or 
chicken antibodies. Most preferably, the antibodies are human antibodies. As used herein, 
"human" antibodies include antibodies having the amino acid sequence of a human 
immunoglobulin and include antibodies isolated from human immunoglobulin libraries and 
xenomice or other organisms that have been genetically engineered to produce human 
10 antibodies. 

The antibody molecules that bind to a Therapeutic protein and that may correspond to 
a Therapeutic protein portion of an albumin fusion protein of the invention can be of any type 
(e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and 
IgA2) or subclass of immunoglobulin molecule. In preferred embodiments, the antibody 

15 molecules that bind to a Therapeutic protein and that may correspond to a Therapeutic protein 
portion of an albumin fusion protein of the invention are IgGl. In other preferred 
embodiments, the immunoglobulin molecules that bind to a Therapeutic protein and that may ~ 
correspond to a Therapeutic protein portion of an albumin fusion protein of the invention are 
IgG2. In other preferred embodiments, the immunoglobulin molecules that bind to a 

20 Therapeutic protein and that may correspond to a Therapeutic protein portion of an albumin 
fusion protein of the invention are IgG4. 

Most preferably the antibodies that bind to a Therapeutic protein and that may 
correspond to a Therapeutic protein portion of an albumin fusion protein of the invention are 
human antigen-binding antibody fragments of the present invention and include, but are not 

25 limited to, Fab, Fab' and F(ab f )2, Fd, single-chain Fvs (scFv), single-chain antibodies, 
disulfide-linked Fvs (sdFv) and fragments comprising either a VL or VH domain. Antigen- 
binding antibody fragments, including single-chain antibodies, may comprise the variable 
region(s) alone or in combination with the entirety or a portion of the following: hinge region, 

* ■ * * 

CHI, CH2, and CH3 domains. 

30 The antibodies that bind to a Therapeutic protein and that may correspond to a 

Therapeutic protein portion of an albumin fusion protein of the invention may be 
monospecific, bispecific, trispecific or of greater multispecificity. Multispecific antibodies 
may be specific for different, epitopes of a Therapeutic protein or may be specific for both a 
Therapeutic protein as well as for a heterologous epitope, such as a heterologous polypeptide 

35 or solid support material. See, e.g., PCT publications WO 93/17715; WO 92/08802; WO 
91/00360; WO 92/05793; Tutt, et al., J. Immunol. 147:60-69 (1991); U.S. Patent Nos. 

♦ 

4,474,893; 4,714,681; 4,925,648; 5,573,920; 5,601,819; Kostelny et al., J. Immunol. 
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148:1547-1553 (1992). 

■ 

Antibodies that bind a Therapeutic protein (or fragment or variant thereof) may be 
bispecific or bifunctional which means that the antibody is an artificial hybrid antibody having 
two different heavy/light chain pairs and two different binding sites. Bispecific antibodies can 
5 be produced by a variety of methods including fusion of hybridomas or linking of Fab' 
fragments. See, e.g., Songsivilai & Lachmann Clin. Exp. Immunol. 79: 315-321 (1990), 
Kostelny et aL J Immunol. 148:1547 1553 (1992). In addition, bispecific antibodies may be 
formed as "diabodies" (Holliger et aL "'Diabodies 1 : small bivalent and bispecific antibody 
fragments" PNAS USA 90:6444-6448 (1993)) or "Janusins" (Traunecker et al. "Bispecific 

10 single chain molecules (Janusins) target cytotoxic lymphocytes on HIV infected cells" EMBO 
J 10:3655-3659 (1991) and Traunecker et al. "Janusin: new molecular design for bispecific 
reagents" Int J Cancer Suppl 7:5 1 -52 (1992)). - 

The present invention also provides albumin fusion proteins that comprise, fragments 
or variants (including derivatives) of an antibody described herein or known elsewhere in the 

1 5 art. Standard techniques known to those of skill in the art can be used to introduce mutations 
in the nucleotide sequence encoding a molecule of the invention, including, for example, 
site-directed mutagenesis and PCR-mediated mutagenesis which result in amino acid 
. substitutions. Preferably, the variants (including derivatives) encode less than 50 amino acid 
substitutions, less than 40 amino acid subsitutions, less than 30 amino acid substitutions, less 

20 than 25 amino acid substitutions, less than 20 amino acid substitutions, less than 15 amino 
acid substitutions, less than 10 amino acid substitutions, less than 5 amino acid substitutions, 
less than 4 amino acid substitutions, less than 3 amino acid substitutions, or less than 2 amino 
acid substitutions relative to the reference VH domain, VHCDR1, VHCDR2, VHCDR3 , VL 
domain, VLCDR1, VLCDR2, or VLCDR3. In specific embodiments, the variants encode 

25 substitutions of VHCDR3. In a preferred embodiment, the variants have conservative amino 
acid substitutions at one or more predicted non-essential amino acid residues. 

Antibodies that bind to a Therapeutic protein and that may correspond to a Therapeutic 
protein portion of an albumin fusion protein of the invention may be described or specified in 
terms of the epitope(s) or poftion(s) of a Therapeutic protein which they recognize or 

30 specifically bind. Antibodies which specifically bind a Therapeutic protein or a specific 
epitope of a Therapeutic protein may also be excluded. Therefore, the present invention 
encompasses antibodies that specifically bind Therapeutic . proteins, and allows for the 
exclusion of the same. In preferred embodiments, albumin fusion proteins comprising at least 
a fragment or variant of an antibody that binds a Therapeutic protein, binds the same epitopes 

35 as the corresponding antibody (not fused to albumin) that binds a Therapeutic protein. 

Antibodies that bind to a Therapeutic protein and that may correspond to a Therapeutic 

protein portion of an albumin fusion protein of the invention may also be described or 

* 
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specified in terms of their cross-reactivity. Antibodies that do not bind any other analog, 
ortholog, or homolog of a Therapeutic protein are included. Antibodies that bind 
polypeptides with at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 
70%, at least 65%, at least 60%, at least 55%, and at least 50% identity (as calculated using 
5 methods known in the art and described herein) to a Therapeutic protein are also included in 

* 

the present invention. In specific embodiments, antibodies that bind to a Therapeutic protein 
and that may correspond to a Therapeutic protein portion of an albumin fusion protein of the 
invention, cross-react with murine, rat and/or rabbit homologs of human proteins and the 

• corresponding epitopes thereof. Antibodies that do not bind polypeptides with less than 95%, 
10 less than 90%, less than 85%, less than 80%, less than 75%, less than 70%, less than 65%, 

less than 60%, less than 55%, and less than 50% identity (as calculated using methods 
known in the art and described herein) to a Therapeutic protein are also included in the 
present invention. In a specific embodiment, the above 7 described cross-reactivity is with 
respect to any single specific antigenic or immunogenic polypeptide, or combination(s) of 2 , 

15 3, 4, 5, or more of the specific antigenic and/or immunogenic polypeptides disclosed herein. 
In preferred embodiments, albumin fusion proteins comprising at least a fragment or variant 
of an antibody that binds a Therapeutic protein, has similar or substantially identical cross 
reactivity characteristics compared to the corresponding antibody (not fused to albumin) that 
binds a Therapeutic protein. . 

20 Further included in the present invention are antibodies which bind polypeptides 

encoded by polynucleotides which hybridize to a polynucleotide encoding a Therapeutic 
protein under stringent hybridization conditions (as described herein). Antibodies that bind to 
a Therapeutic protein and that may correspond to a Therapeutic protein portion of an albumin 
fusion protein of the invention may also be described or specified in terms of their binding 

25 affinity to a polypeptide of the invention.' Preferred binding affinities include those with a 
dissociation constant or Kd less than 5 X 10" 2 M, 10" 2 M,5X 10" 3 M, 10 3 M, 5 X lCT 4 M, 10" 
4 M. More preferred binding affinities include those with a dissociation constant or Kd less 

• than 5 X 10" 5 M, 10" 5 M, 5 X 10" 6 M, 10" 6 M, 5 X 10" 7 M, 10 7 M, 5 X 10" 8 M or 10" 8 M. Even 

i 

more preferred binding affinities include those with a dissociation constant or Kd less than 5 
30 X 10" 9 M, lO" 9 M, 5 X lCr 10 M, 10" 10 M, 5 X 1CT 11 M, 10" 11 M, 5 X 10 12 M, 10 " 12 M, 5 X 10" 
13 M, 10' 13 M, 5 X lO' 14 M, lO' 14 M, 5 X 10" 15 M, or 10 15 M. In preferred embodiments, 
albumin fusion proteins comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein, has an affinity for a given protein or* epitope similar to that of the 
corresponding antibody (not fused to albumin) that binds a Therapeutic protein, taking into 
35 account the valency of the albumin fusion protein (comprising at least a fragment or variant of 

r 

an antibody that binds a Therapeutic protein) and the valency of the corresponding antibody. 

The invention also provides antibodies that competitively inhibit binding of an 
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antibody to an epitope of a Therapeutic protein as determined by any method known in the art 
for determining competitive binding, for example, the immunoassays described herein. In 
preferred embodiments, the antibody competitively inhibits binding to the epitope by at least 
95%, at least 90%, at least 85 %, at least 80%, at least 75%, at least 70%, at least 60%, or at 
5 least 50%. In preferred embodiments, albumin fusion proteins comprising at least a fragment 
or variant of an antibody that binds a Therapeutic protein, competitively inhibits binding of an 
antibody to an epitope of a Therapeutic protein as well as the corresponding antibody (not 
fused to albumin) that binds a Therapeutic protein, competitively inhibits binding of an 
antibody to an epitope of a Therapeutic protein. In other preferred embodiments, albumin 
10 fusion proteins comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein, competitively inhibits binding of the corresponding antibody (not fused 
to albumin) that binds a Therapeutic protein to an epitope of a Therapeutic protein by at least 
95%, at least 90%, at least 85 %, at least 80%, at least 75%, at least 70%, at least 60%, or at 
least 50%. 

, 15 Antibodies that bind to a Therapeutic protein and that may correspond to a Therapeutic 

protein portion of an albumin fusion protein of the invention may act as agonists or 
antagonists of the Therapeutic protein. For example, the present invention includes antibodies 
which disrupt the receptor/ligand interactions with the polypeptides of the invention either 
partially or fully. The invention features both receptor-specific antibodies and ligand-specific 

20 antibodies. The invention also features receptor-specific antibodies which do not prevent 

Jigand binding but prevent receptor activation. Receptor activation (i.e., signaling) may be 

■ 

determined by techniques described herein or otherwise known in the art. For example, 
receptor activation can be determined by detecting the phosphorylation (e.g., tyrosine or 
serine/threonine) of the receptor or its substrate by immunoprecipitation followed by western 

25 blot analysis (for example, as described supra). In specific embodiments, antibodies are 
provided that inhibit ligand activity or receptor activity by at least 95%, at least 90%, at least 
85%, at least 80%, at least 75%, at least 70%, at least 60%, or at least 50% of the activity in 
absence of the antibody. In preferred embodiments, albumin fusion proteins comprising at 
. least a fragment or variant of an antibody that binds a Therapeutic protein, has similar or 

30 substantially similar characteristics with regard to preventing ligand binding and/or preventing 
receptor activation compared to the corresponding antibody (not fused to albumin) that binds a 
Therapeutic protein. 

The invention also features receptor-specific antibodies which both prevent ligand 
binding and receptor activation as well as antibodies that recognize the receptor-ligand 
35 complex, and, preferably, do not specifically recognize the unbound receptor or the unbound 
ligand. Likewise, included in the invention are neutralizing antibodies which bind the ligand 
and prevent binding of the ligand to the receptor, as well as antibodies which bind the ligand, 
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thereby preventing receptor activation, but do not prevent the ligand from binding the 
receptor. Further included in the invention are antibodies which activate the receptor. These 
antibodies may act as receptor agonists, i.e., potentiate or activate either all or a subset of the 
biological activities of the ligand-mediated receptor activation, for example, by inducing 
5 dimerization of the receptor. The antibodies may be specified as agonists, antagonists or 
inverse agonists for biological activities comprising the specific biological activities of the 
Therapeutic protreins (e.g. as disclosed in Table 1). The above antibody agonists can be 
made using methods known in the art. See, e.g., PCT publication WO 96/40281; U.S. 
Patent No. 5,81 1,097; Deng et al., Blood 92(6): 1981-1988 (1998); Chen et al., Cancer Res. 

10 58(16):3668-3678 (1998); Harrop et al., J. Immunol. 161(4): 1786-1794 (1998); Zhu et al., 
Cancer Res. 58(15):3209-3214 (1998); Yoon et al., J. Immunol. 160(7):3 170-3 179 (1998); 
Prat et al., J. Cell. Sci.. lll(Pt2): 237-247 (1998); Pitard et al., J. Immunol, Methods 
205(2): 177- 190 (1997); Liautard et al., Cytokine 9(4):233-241 (1997); Carlson et al., J. 
Biol. Chem. 272(17): 11295-1 1301 (1997); Taryman et al., Neuron 14(4):755-762 (1995); 

15 Muller et al., Structure 6(9):1 153-1167 (1998); Bartunek et al., Cytokine 8(l):14-20 (1996) 
(which are all incorporated by reference herein in their entireties). In preferred embodiments, 

i 

4 - 

albumin fusion proteins comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein, have similar or substantially identical agonist or antagonist properties as 
the corresponding antibody that binds a Therapeutic protein not fused to albumin. 
20 Antibodies that bind to a Therapeutic protein and that may correspond to a Therapeutic 

protein portion of an albumin fusion protein of the invention may be used, for example, to 
purify, detect, and target Therapeutic proteins, including both in in vitro and in vivo 

* 

diagnostic and therapeutic methods. For example, the antibodies have utility in immunoassays 
for qualitatively and quantitatively measuring levels of the Therapeutic protein in biological 

25 samples. See, e.g., Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor 
Laboratory Press, 2nd ed. 1988); incorporated by reference herein in its entirety. Likewise, 
albumin fusion proteins comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein, may be used, for example, to purify, detect, and target Therapeutic 
proteins, including both in in vitro and in vivo diagnostic and therapeutic methods. 

30 Antibodies that bind to a Therapeutic protein and that may correspond to a Therapeutic 

protein portion of an albumin fusion protein include derivatives that are modified, i.e, by the 
covalent attachment of any type of molecule to the antibody. For example, but not by way of 
limitation, the antibody derivatives include antibodies that have been modified, e.g., by 
glycosylation, acetylation, pegylation, phosphylation, amidation, derivatization by known 

35 protecting/blocking groups, proteolytic cleavage, linkage to a cellular ligand or other protein, 
etc. Any of numerous chemical modifications may be carried out by known techniques, 

* * 

including, but not limited to specific chemical cleavage, acetylation, formylation, metabolic 
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synthesis of tunicamycin, etc. Additionally, the derivative may contain one or more non- 
classical amino acids. Albumin fusion proteins of the invention may also be modified as 
described above. 

5 Methods of Producing Antibodies that bind Therapeutic Proteins 

The antibodies that bind to a Therapeutic protein and that may correspond to a 
Therapeutic protein portion of an albumin fusion protein of the invention may be generated by 
any suitable method known in the art. Polyclonal antibodies to an antigen-of-interest can be 
produced by various procedures well known in the art. For example, a Therapeutic protein 

10 may be administered to various host animals including, but not limited to, rabbits, mice, rats, 
etc. to induce the production of sera containing polyclonal antibodies specific for the antigen. 
Various adjuvants may be used to increase the immunological response, depending on the 
host species, and include but are not limited to, Freund T s (complete and incomplete), mineral 
gels such as aluminum hydroxide, surface active substances such as lysolecithin, pluronic 

15 polyols, polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, 
and potentially useful human adjuvants such as BCG (bacille Calmette-Guerin) and 
corynebacterium parvum. Such adjuvants are also well known in the art. 

Monoclonal antibodies can be prepared using a wide variety of techniques known in 
the art including the use of hybridoma, recombinant, and phage display technologies, or a 

20 combination thereof. For example, monoclonal antibodies can be produced using hybridoma 
techniques including those known in the art and taught, for example, in Harlow et al., 
Antibodies: A Laboratory Manual, , (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); 
Hammerling, et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, 
N.Y., 1981) (said references incorporated by reference in their entireties). The term 

25 "monoclonal antibody" as used herein is not limited to antibodies produced through 
hybridoma technology. The term "monoclonal antibody" refers to an antibody that is derived 
from a single clone, including any eukaryotic, prokaryotic, or phage clone, and not the 
method by which it is produced. 

* 

Methods for producing and screening for specific antibodies using hybridoma 
30 technology are routine and well known in the art. In a non-limiting example, mice can be 
immunized with a Therapeutic protein or fragment or variant thereof or a cell expressing such 
a Therapeutic protein or fragment or variant thereof. Once an immune response is detected, 
e.g., antibodies specific for the antigen are detected in the mouse serum, the mouse spleen is 
harvested and splenocytes isolated. The splenocytes are then fused by well known techniques 
35 to any suitable myeloma cells, for example cells from cell line SP20 available from the ATCC. 
Hybridomas are selected and cloned by limited dilution. The hybridoma clones are then 
assayed by methods known in the art for cells that secrete antibodies capable of binding a 
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polypeptide of the invention. Ascites fluid, which generally contains high levels of 
antibodies, can be generated by immunizing mice with positive hybridoma clones. 

Accordingly, the present invention provides methods of generating monoclonal 
antibodies as well as antibodies produced by the method comprising culturing a hybridoma 
5 cell secreting an antibody wherein, preferably, the hybridoma is generated by fusing 
splenocytes isolated from a mouse immunized with an antigen of the invention with myeloma 
cells and then screening the hybridomas resulting from the fusion for hybridoma clones that 
secrete an antibody able to bind a polypeptide of the invention. 

Another well known method for producing both polyclonal and monoclonal human B 

10 cell lines is transformation using Epstein Barr Virus (EBV). Protocols for generating EBV- 
transformed B cell lines are commonly known in the art, such as, for example, the protocol 
outlined in Chapter 7.22 of Current Protocols in Immunology, Coligan et al., Eds., 1994, 
John Wiley & Sons, NY, which is hereby incorporated in its. entirety by reference. The 
source of B cells for transformation is commonly human peripheral blood, but B cells for 

15 transformation may also be derived from other sources including, but not limited to, lymph 
nodes, tonsil, spleen, tumor tissue, and infected tissues. Tissues are generally made into 
single ceil suspensions prior to EBV transformation. Additionally, steps may be taken to 
either physically remove or inactivate T cells (e.g., by treatment with cyclosporin A) in B cell- 
containing samples, because T cells from individuals seropositive for anti-EBV antibodies can 

20 suppress B cell immortalization by EBV. 

In general, the sample containing human B cells is innoculated with EBV, and 
cultured for 3-4 weeks. A typical source of EBV is the culture supernatant of the B95-8 cell 
line (ATCC #VR-1492). Physical signs of EBV transformation can generally be seen 
towards the end of the 3-4 week culture period. By phase-contrast microscopy, transformed 

25 cells may appear large, clear, hairy and tend to aggregate in tight clusters of cells. Initially, 
EBV lines are generally polyclonal. However, over prolonged periods of cell cultures, EBV 
lines may become monoclonal or polyclonal as a result of the selective outgrowth of particular 
B cell clones. Alternatively, polyclonal EBV transformed lines may be subcloned (e.g., by 
limiting dilution culture) or fused with a suitable fusion partner and plated at limiting dilution 

30 to obtain monoclonal B cell lines. Suitable fusion partners for EBV transformed cell lines 
include mouse myeloma cell lines (e.g., SP2/0, X63-Ag8.653), heteromyeloma cell lines 
(human x mouse; e.g, SPAM-8, SBC-H20, and .CB-F7), and human cell lines (e.g., GM 
1500, SKO-007, RPMI 8226, and KR-4). Thus, the present invention also provides a 
method of generating polyclonal or monoclonal human antibodies against polypeptides of the 

35 invention or fragments thereof, comprising EBV-transformation of human B cells. 

Antibody fragments which recognize specific epitopes may be generated by known 
techniques. For example, Fab and F(ab T )2 fragments of the invention may be produced by 
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proteolytic cleavage of immunoglobulin molecules, using enzymes such as papain (to produce 
Fab fragments) or pepsin (to produce F(ab')2 fragments), F(ab')2 fragments contain the 
variable region, the light chain constant region and the CHI domain of the heavy chain. 

For example, antibodies that bind to a Therapeutic protein can also be generated using 
5 various phage display methods known in the art. In phage display methods, functional 
antibody domains are displayed on the surface of phage particles which carry the 
polynucleotide sequences encoding them. In a particular embodiment, such phage can be 
utilized to display antigen binding domains expressed from a repertoire or combinatorial 
antibody library (e.g., human or murine). Phage expressing an antigen binding domain that 

10 binds the antigen of interest can be selected or identified with antigen, e.g., using labeled 
antigen or antigen bound or captured to a solid surface or bead. Phage used in these methods 
are typically filamentous phage including fd and M13 binding domains expressed from phage 
- with Fab, Fv or disulfide stabilized Fv antibody domains recombinantly fused to either the 
phage gene III or gene VIII protein. Examples of phage display methods that can be used to 

15 make antibodies that bind to a Therapeutic protein include those disclosed in Brinkman et aL, 
J. Immunol. Methods 182:41-50 (1995); Ames et aL, J. Immunol. Methods 184:177-186 
(1995); Kettleborough et aL, Eur. J. Immunol. 24:952-958 (1994); Persic et aL, Gene 187 9- 
18 (1997); Burton et aL, Advances in Immunology 57:191-280 (1994); PCT application No. 
PCI7GB91/01134; PCT publications WO 90/02809; WO 91/10737; WO 92/01047; WO 

20 92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and U.S. Patent Nos. 5,698,426; 
5,223,409; 5,403,484; 5,580,717; 5,427,908; 5,750,753; 5,821,047 ; 5,571,698; 
5,427,908; 5,516,637; 5,780,225; 5,658,727; 5,733,743 and 5,969,108; each of which is 
incorporated herein by reference in its entirety. 

As described in the above references, after phage selection, the antibody coding 

25 regions from the phage can be isolated and used to generate whole antibodies, including 
human antibodies, or any other desired antigen binding fragment, and expressed in any 
desired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g., as 
described in detail below. For example, techniques to recombinantly produce Fab, Fab' and 
F(ab')2 fragments can also be employed using methods known in the art such as those 

30 disclosed in PCT publication WO 92/22324; Mullinax et aL, BioTechniques 12(6):864-869 
(1992); and Sawai et aL, AJRI 34:26-34 (1995); and Better et aL, Science 240:1041-1043 
(1988) (said references incorporated by reference in their entireties). 

Examples of techniques which can be used to produce single-chain Fvs and antibodies 
include those described in U.S. Patents 4,946,778 and 5,258,498; Huston et aL, Methods in 

35 Enzymology 203:46-88 (1991); Shu et aL, PNAS 90:7995-7999 (1993); and Skerra et aL, 
Science 240:1038-1040 (1988). For some uses, including in vivo use of antibodies in 
humans and in vitro detection assays, it may be preferable to use chimeric, humanized, or 
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human antibodies. A chimeric antibody is a molecule in which different portions of the 
antibody are derived from different animal species, such as antibodies having a variable 
region derived from a murine monoclonal antibody and a human immunoglobulin constant 
region. Methods for producing chimeric antibodies are known in the art. See e.g., 
5 Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214 (1986); Gillies et a!., 
(1989) J. Immunol. Methods 125:191-202; U.S. Patent Nos. 5,807,715; 4,816,567; and 
4,816397, which are incorporated herein by reference in their entirety. Humanized 
antibodies are antibody molecules from non-human species antibody that binds the desired 
antigen having one or more complementarity determining regions (CDRs) from the non- 

10 human species and a framework regions from a human immunoglobulin molecule. Often, 
framework residues in the human framework regions will be substituted with the 
corresponding residue from the CDR donor antibody to alter, preferably improve, antigen 
binding. These framework substitutions are - identified by methods well known in the art, 
e.g., by modeling of the interactions of the CDR and framework residues to identify 

15 framework residues important for antigen binding and sequence comparison to identify 
unusual framework residues at particular positions. (See, e.g., Queen et al., U.S. Patent 
No. 5,585,089; Riechmann et al., Nature 332:323 (1988), which are incorporated herein by 
reference in their entireties.) Antibodies can be humanized using a variety of techniques 
known in the art including, for example, CDR-grafting (EP 239,400; PCT publication WO 

20 91/09967; U.S. Patent Nos. 5,225,539; 5,530,101; and 5,585,089), veneering or 
resurfacing (EP 592,106; EP 519,596; Padlan, Molecular Immunology 28(4/5):489-498 
(1991); Studnicka et aL, Protein Engineering 7(6):805-814 (1994); Roguska. et al., PNAS 
91:969-973 (1994)), and chain shuffling (U.S. Patent No. 5,565,332). 

Completely human antibodies are particularly desirable for therapeutic treatment of 

25 human patients. Human antibodies can be made by a variety of methods known in the art 
including phage display methods described above using antibody libraries derived from 
human immunoglobulin sequences. See also, U.S. Patent Nos. 4,444,887 and 4,716,111; 
and PCT publications WO 98/46645, WO 98/50433, WO 98/24893, WO 98/16654, WO 
96/34096, WO 96/33735, and WO 91/10741; each of which is incorporated herein by 

30 reference in its entirety. 

Human antibodies can also be produced using transgenic mice which are incapable of 

i 

expressing functional endogenous immunoglobulins, but which can express human 

* 

immunoglobulin genes. For example, the human heavy and light chain immunoglobulin gene 
complexes may be introduced randomly or by homologous recombination into- mouse 
35 embryonic stem cells. Alternatively, the human variable region, constant region, and 
diversity region may be introduced into mouse embryonic stem cells in addition to the human 
heavy and light chain genes. The mouse heavy and light chain immunoglobulin genes may be 
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rendered non-functional separately or simultaneously with the introduction of human 
immunoglobulin loci by homologous recombination. In particular, homozygous deletion of 
the JH region prevents endogenous antibody production. The modified embryonic stem cells 
are expanded and microinjected into blastocysts to produce chimeric mice. The chimeric mice 
5 are then bred to produce homozygous offspring which express human antibodies. The 
transgenic mice are immunized in the normal fashion with a selected antigen, e.g., all or a 
portion of a polypeptide of the invention. Monoclonal antibodies directed against the antigen 
can be obtained from the immunized, transgenic mice using conventional hybridoma 
technology. The human immunoglobulin transgenes harbored by the transgenic mice 

10 rearrange during B cell differentiation, and subsequently undergo class switching and somatic 
mutation. Thus, using such a technique, it is possible to produce therapeutically useful IgG, 
IgA, IgM and IgE antibodies. For an overview of this technology for producing human 
antibodies, see Lonberg and Huszat, Int. Rev. Immunol. 13:65-93 (1995). For a detailed 
discussion of this technology for producing human antibodies and human monoclonal 

15 antibodies and protocols for producing such antibodies, see, e.g., PCT publications WO 
98/24893; WO 92/01047; WO 96/34096; WO 96/33735; European Patent No. 0 598 877; 
U.S. Patent Nos. 5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016; 5,545,806; 
5,814,318; 5,885,793; 5,916,771; 5,939,598; 6,075,181; and 6,114,598, which are 
incorporated by reference herein in their entirety. In addition, companies such as Abgenix, 

20 Inc. (Freemont, CA) and Genpharm (San Jose, CA) can be engaged to provide human 
antibodies directed against a selected antigen using technology similar to that described 
above. - 

Completely human antibodies which recognize a selected epitope can be generated 
using a technique referred to as "guided selection." In this approach a selected non-human 

25 monoclonal antibody, e.g., a mouse antibody, is used to guide the selection of a completely 
human antibody recognizing the same epitope. (Jespers et al., Bio/technology 12:899-903 
(1988)). 

Polynucleotides Encoding Antibodies 
30 The invention further provides polynucleotides comprising a nucleotide sequence 

encoding an antibody and fragments thereof. The invention also encompasses 

polynucleotides that hybridize under stringent or alternatively, under lower stringency 

- • 
hybridization conditions, e.g., as defined supra, to polynucleotides that encode an antibody, 

preferably, that specifically binds to a Therapeutic protein, preferably, an antibody that binds 

35 to a polypeptide having the amino acid sequence of a 'Therapeutic Protein X" as discosed in 

the "Exemplary Identifier" column of Table 1. 

The polynucleotides may be obtained, and the nucleotide sequence of the 
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polynucleotides determined, by any method known in the art. For example, if the nucleotide 
sequence of the antibody is known, a polynucleotide encoding the antibody may be assembled 
from chemically synthesized oligonucleotides (e.g., as described in Kutmeier et aL, 
BioTechniques 17:242 (1994)), which, briefly, involves the synthesis of overlapping 
5 oligonucleotides containing portions of the sequence encoding the antibody, annealing and 
li gating of those oligonucleotides, and then amplification of the li gated oligonucleotides by 
PCR. 

Alternatively, a polynucleotide encoding an antibody may be generated from nucleic 
acid from a suitable source. If a clone containing a nucleic acid encoding a particular antibody 

10 is not available, but the sequence of the antibody molecule is known, a nucleic acid encoding 
the immunoglobulin may be chemically synthesized or obtained from a suitable source (e.g., 
an antibody cDNA library, or a cDNA library generated from, or nucleic acid, preferably poly 
A+ RNA, isolated from, any tissue or cells expressing the antibody, such as hybridoma cells 
selected to express an antibody) by PCR amplification using synthetic primers hybridizable to 

15 the 3' and 5 f ends of the sequence or by cloning using an oligonucleotide probe specific for 
the particular gene sequence to identify, e.g., a cDNA clone from a cDNA library that 
encodes the antibody. Amplified nucleic acids generated by PCR may then be cloned into 
replicable cloning vectors using any method well known in the art (see, Example 60). 

Once the nucleotide sequence and corresponding amino acid sequence of the antibody 

20 is determined, the nucleotide sequence of the antibody may be manipulated using methods 
well known in the art for the manipulation of nucleotide sequences, e.g., recombinant DNA 
techniques, site directed mutagenesis, PCR, etc. (see, for example, the techniques described 
in Sambrook et aL, 1990, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY and Ausubel et al., eds., 1998, Current 

25 Protocols in Molecular Biology, John Wiley & Sons, NY, which are both incorporated by , 
reference herein in their entireties ), to generate antibodies having a different amino acid 
sequence, for example to create amino acid substitutions, deletions, and/or insertions. 

In a specific embodiment, the amino acid sequence of the heavy and/or light chain 
variable domains may be inspected to identify the sequences of the complementarity 

30 determining regions (CDRs) by methods that are well know in the art, e.g., by comparison to 
known amino acid sequences of other heavy and light chain variable regions to determine the 
regions of sequence hypervariability. Using routine recombinant DNA techniques, one or 
more of the CDRs may be inserted within framework regions, e.g., into human framework 
regions to humanize a non-human antibody, as described supra. The framework regions may 

35 be naturally occurring or consensus framework regions, and preferably human framework 
regions (see, e.g., Chothia et aL, J. Mol. Biol. 278: 457-479 (1998) for a listing of human 

„ r 

framework regions). Preferably, the polynucleotide generated by. the combination of the 
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framework regions and CDRs encodes an antibody that specifically binds a polypeptide of 
the invention. Preferably, as discussed supra, one or more amino acid substitutions may be 
made within the framework regions, and, preferably, the amino acid substitutions improve 
binding of the antibody to its antigen. Additionally, such methods may be used to make 
5 amino acid substitutions or deletions of one or more variable region cysteine residues 
participating in an intrachain disulfide bond to generate antibody molecules lacking one or 
more intrachain disulfide bonds. Other alterations to the polynucleotide are encompassed by 
the present invention and within the skill of the art. 

In addition, techniques developed for the production of "chimeric antibodies" 

10 (Morrison et aL, Proc. Natl. Acad. Sci. 81:851-855 (1984); Neuberger et aL, Nature 
312:604-608 (1984); Takeda et aL, Nature 314:452-454 (1985)) by splicing genes from a 
mouse antibody molecule of appropriate antigen specificity together with genes from a human 
antibody molecule of appropriate biological activity can be used. As described supra, a 
chimeric antibody is a molecule in which different portions are derived from different animal 

15 species, such as those having a variable region derived from a murine mAb and a human 
immunoglobulin constant region, e.g., humanized antibodies. 

Alternatively, techniques described for the production of single chain antibodies (U.S. 
Patent No. 4,946,778; Bird, Science 242:423- 42 (1988); Huston et aL, Proc. Natl. Acad. 
Sci. USA 85:5879-5883 (1988); and Ward et aL, Nature 334:544-54 (1989)) can be adapted 

20 to produce single chain antibodies. Single chain antibodies are formed by linking the heavy 
and light chain fragments of the Fv region via an amino acid bridge, resulting in a single 
chain polypeptide. Techniques for the assembly of functional Fv fragments in E. coli may 
. also be used (Skerra et aL, Science 242: 1038- 1041 (1988)). 

25 Recombinant Expression of Antibodies 

Recombinant expression of an antibody, or fragment, derivative or analog thereof, 
(e.g., a heavy or light chain of an antibody or a single chain antibody), requires construction 
of an expression vector containing a polynucleotide that encodes the antibody. Once a 
polynucleotide encoding an antibody molecule or a heavy or light chain of an antibody, or 

30 portion thereof (preferably containing the heavy or light chain variable domain), of the 
invention has been obtained, the vector for the production of the antibody molecule may be 
produced by recombinant DNA technology using techniques well known in the art. Thus, 
methods for preparing a protein by expressing a polynucleotide containing an antibody 
encoding nucleotide sequence are described herein. Methods which are well known to those 

35 skilled in the art can be used to construct expression vectors containing antibody coding 
sequences and appropriate transcriptional and translational control signals. These methods '* 
include, for example, in vitro recombinant DNA techniques, synthetic techniques, and in 

■ • 
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vivo genetic recombination. The invention, thus, provides replicabie vectors comprising a 

« 

nucleotide sequence encoding an antibody molecule of the invention, or a heavy or light chain 
thereof, or a heavy or light chain variable domain, operably linked to a promoter. Such 
vectors may include the nucleotide sequence encoding the constant region of the antibody 
5 molecule (see, e.g., PCT Publication WO 86/05807; PCT Publication WO 89/01036; and 
U.S. Patent No. 5,122,464) and the variable domain of the antibody may be cloned into such 
a vector for expression of the entire heavy or light chain. . 

The expression vector is transferred to a host cell by conventional techniques and the 
transfected cells are then cultured by conventional techniques to produce an antibody. Thus, 

10 the invention includes host cells containing a polynucleotide encoding an antibody of the 
invention, or a heavy or light chain thereof, or a single chain antibody, operably linked to a 
heterologous promoter. In preferred embodiments for the expression of double-chained 
antibodies, vectors encoding both the heavy and light chains may be co-expressed in the host 
cell for expression of the entire immunoglobulin molecule, as detailed below, 

15 A variety of host-expression vector systems may be utilized to express the antibody 

molecules of the invention. Such host-expression systems represent vehicles by which the 
coding sequences of interest may be produced and subsequently purified, but also represent 
cells which may, when transformed or transfected with the appropriate nucleotide coding 
sequences, express an antibody molecule of the invention in situ. These include but are not 

20 limited to rhicroorganisms such as bacteria (e.g., E. coli, B, subtilis) transformed with 
recombinant bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors 
containing antibody coding sequences; yeast (e.g., Saccharomyces, Pichia) transformed with 
recombinant yeast expression vectors containing antibody coding sequences; insect cell 
systems infected with recombinant virus expression vectors (e.g., baculovirus) containing 

25 antibody coding sequences; plant cell systems infected with recombinant virus expression 
vectors (e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed 
with recombinant plasmid expression vectors (e.g., Ti plasmid) containing antibody coding 
sequences; or mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3 cells) harboring 
recombinant expression constructs containing promoters derived from the genome of 

30 mammalian cells (e.g., metallothionein promoter) or from mammalian viruses (e.g., the 
adenovirus late promoter; the vaccinia virus 7.5K promoter). Preferably, bacterial cells such 
as Escherichia coli, and more preferably, eukaryotic cells, especially for the expression of 
whole recombinant antibody molecule, are used for the expression of a recombinant antibody 
molecule. For example, mammalian cells such as Chinese hamster ovary cells (CHO), in 

35 conjunction with a vector such as the major intermediate early gene promoter element from 
human cytomegalovirus is an effective expression system for antibodies (Foecking et al., 
Gene 45:101 (1986); Cockett et aL, Bio/Technology 8:2 (1990)). 

68 



WO 01/79480 



PCT7US01/11991 



§ 

In bacterial systems, a number of expression vectors may be advantageously selected 
depending upon the use intended for the antibody molecule being expressed. For example, 
when a large quantity of such a protein is to be produced, for the generation of pharmaceutical 
compositions of ah antibody molecule, vectors which direct the expression of high levels of 
5 fusion protein products that are readily purified may be desirable. Such vectors include, but 
are not limited, to the E. coli expression vector pUR278 (Ruther et aL, EMBO J. 2:1791 
(1983)), in which the antibody coding sequence may be ligated individually into the vector in 
frame with the lac Z coding region so that a fusion protein is produced; pIN vectors (Inouye 
& Inouye, Nucleic Acids Res. 13:3101-3109 (1985); Van Heeke & Schuster, J. Biol. Chem. 

10 24:5503-5509 (1989)); and the like. pGEX vectors may also be used to express foreign 
polypeptides as fusion proteins with glutathione S-transferase (GST). In general, such fusion 
proteins are soluble and can easily be purified from lysed cells by adsorption and binding to 
matrix glutathione-agarose beads followed by elution in the presence of free glutathione. The 
pGEX vectors are designed to include thrombin or factor Xa protease cleavage sites so that 

15 the cloned target gene product can be released from the GST moiety. 

In an insect system, Autographa califomica nuclear polyhedrosis virus (AcNPV) is 
used as a vector to express foreign genes. The virus grows in Spodoptera frugiperda cells. 
The antibody coding sequence may be cloned individually into non-essential regions (for 
example the polyhedrin gene) of the virus and placed under control of an AcNPV promoter 

20 (for example the polyhedrin promoter). 

In mammalian host cells, a number of viral-based expression systems may be utilized. 
In cases where an adenovirus is used as an expression vector, the antibody coding sequence 
of interest may be ligated to an adenovirus transcription/translation control complex, e.g., the 
late promoter and tripartite leader sequence. This chimeric gene may then be inserted in the 

25 adenovirus genome by in vitro or in vivo recombination. Insertion in a non- essential region 
of the viral genome (e.g., region El or E3) will result in a recombinant virus that is viable and 
capable of expressing the antibody molecule in infected hosts, (e.g., see Logan & Shenk, 
Proc. Natl. Acad. Sci. USA 81:355-359 (1984)). Specific initiation signals may also be 
required for efficient translation of inserted antibody coding sequences. These signals 

30 include the ATG initiation codon and adjacent sequences. Furthermore, the initiation codon 
must be in phase with the reading frame of the desired coding sequence to ensure translation 
of the entire insert. These exogenous translational control signals and initiation codons can 
be of a variety of origins, both natural and synthetic. The efficiency of expression may be 
enhanced by the inclusion of appropriate transcription enhancer elements, transcription 

35 terminators, etc. (see Bittner et aL, Methods in Enzymol. 153:51-544 (1987)). 

In addition, a host cell strain may be chosen which modulates the expression of the 
inserted sequences, or modifies and processes the gene product in the specific fashion 
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desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein 
products may be important for the function of the protein. Different host cells have 
characteristic and specific mechanisms for the post-translational processing and modification 
of proteins and gene products. Appropriate cell lines or host systems can be chosen to 
5 ensure the correct modification and processing of the foreign protein expressed. To this end, 
eukaryotic host cells which possess the cellular machinery for proper processing of the 
primary transcript, glycosylation, and phosphorylation of the gene product may be used. 
Such mammalian host cells include but are not limited to CHO, VERY, BHK, Hela, COS, 
MDCK, 293, 3T3, WI38, and in particular, breast cancer cell lines such as, for example, 

10 BT483, Hs578T, HTB2, BT20 and T47D, and normal mammary gland cell line such as, for 
example, CRL7030 and Hs578BsL 

For long-term, high-yield production of recombinant proteins, stable expression is 
preferred. For example, cell lines which stably express the antibody molecule may be 
engineered. Rather than using expression vectors which contain viral origins of replication, 

15 host cells can be transformed with DNA controlled by appropriate expression control elements 
(e.g., promoter, enhancer, sequences, transcription terminators, polyadenylation sites, etc.), 
and a selectable marker. Following the introduction of the foreign DNA, engineered cells 
may be allowed to grow for 1-2 days in an enriched media, and then are switched to a 
selective media. The selectable marker in the recombinant plasmid confers resistance to the 

20 selection and allows cells to stably integrate the plasmid into their chromosomes and grow to 
form foci which in turn can be cloned and expanded into cell lines. This method may 
advantageously be used to engineer cell lines which express the antibody molecule. Such 
engineered cell lines may be particularly useful in screening and evaluation of compounds 
that interact directly or indirectly with the antibody molecule. 

25 A number of selection systems may be used, including but not limited to the herpes 

simplex virus thymidine kinase (Wigler et al., Cell 11:223 (1977)), hypoxanthine-guanine 
phosphoribosyltransferase (Szybalska & Szybalski, Proc. Natl. Acad. Sci. USA 48:202 
(1992)), and adenine phosphoribosyltransferase (Lowy et al., Cell 22:817 (1980)) genes can 
be employed in tk-, hgprt- or aprt- cells, respectively. Also, antimetabolite resistance can be 

30 used as the basis of selection for the following genes: dhfr, which confers resistance to 
methotrexate (Wigler et al., Natl. Acad. Sci. USA 77:357 (1980); O'Hare et al., Proc. Natl. 
Acad. Sci. USA 78:1527 (1981)); gpt, which confers resistance to mycophenolic acid 
(Mulligan & Berg, Proc. Natl. Acad. Sci. USA 78:2072 (1981)); neo, which confers 
resistance to the aminoglycoside G-418 Clinical Pharmacy 12:488-505; Wu and Wu, 

35 Biotherapy 3:87-95 (1991); Tolstoshev, Ann. Rev. Pharmacol. Toxicol. 32:573-596 (1993); 
Mulligan, Science 260:926-932 (1993); and Morgan and Anderson, Ann. Rev. Biochem. 
62:191-217 (1993); May, 1993, TIB TECH 11(5):155-215 (1993)); and hygro, which 
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confers resistance to hygromycin (Santerre et aL, Gene 30:147 (1984)). Methods commonly 
known in the art of recombinant DNA technology may be routinely applied to select the 
desired recombinant clone, and such methods are described, for example, in Ausubel et aL 
(eds.), Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993); Kriegler, 
5 Gene Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990); and in 
Chapters 12 and 13, Dracopoli et al. (eds), Current Protocols in Human Genetics, John Wiley 
& Sons, NY (1994); Colberre-Garapin et al., J. Mol. Biol. 150:1 (1981), which are 
incorporated by reference herein in their entireties. , 

The expression levels of an antibody molecule can be increased by vector 

10 amplification (for a review, see Bebbington and Hentschel, The use of vectors based on gene 
amplification for the expression of cloned genes in mammalian cells in DNA cloning, Vol.3. 
(Academic Press, New York, 1987)). When a marker in the vector system expressing 
antibody is amplifiable, increase in the level of inhibitor present in culture of host cell will 
increase the number of copies of the marker gene. Since the amplified region is associated 

15 with the antibody gene, production of the antibody will also increase (Crouse et ah, Mol. 
Cell. Biol. 3:257 (1983)). , 

Vectors which use glutamine synthase (GS) or DHFR as the selectable markers can be 
amplified in the presence of the drugs methionine sulphoximine or methotrexate, respectively. 

1 r 

t 

An advantage of glutamine synthase based vectors are the availabilty of cell lines (e.g., the 
20 . murine myeloma cell line, NS0) which are glutamine synthase negative. Glutamine synthase 
expression systems can also function in glutamine synthase expressing cells (e.g. Chinese 
Hamster Ovary (CHO) cells) by providing additional inhibitor to prevent the functioning of 
the endogenous gene. A glutamine synthase expression system and components thereof are 
detailed in PCT publications: WO87/04462; WO86/05807; WO89/01036; WO89/10404; and 
, 25 WO91/06657 which are incorporated in their entireties by reference herein. Additionally, 
glutamine synthase expression vectors that may be used according to the present invention are' 
commercially available from suppliers, including, for example Lonza Biologies, Inc. 
(Portsmouth, NH). Expression and production of monoclonal antibodies using a GS 
expression system in murine myeloma cells is described in Bebbington et ah. Bio/ technology 
30 10:169(1992) and in Biblia and Robinson Biotechnol Prog. 11:1 (1995) which are 
incorporated in their, entirities by reference herein. 

The host cell may be co-transfected with two expression vectors of the invention, the 
first vector encoding a heavy chain derived polypeptide and the second vector encoding a light 
chain derived polypeptide. The two vectors may contain identical selectable markers which 
35 enable equal expression of heavy and light chain polypeptides. Alternatively, a single vector 
may be used which encodes, and is capable of expressing, both heavy and light chain 
polypeptides. In such situations, the light chain should be placed before the heavy chain to 
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avoid an excess of toxic free heavy chain (Proudfoot, Nature 322:52 (1986); Kohler, Proc. 
Natl. Acad. Sci. USA 77:2197 (1980)). The coding sequences for the heavy and light chains 
may comprise cDNA or genomic DNA. 

Once an antibody molecule of the invention has been produced by an animal, 
5 chemically synthesized, or recombinantly expressed, it may be purified by any method known 
in the art for purification of an immunoglobulin molecule, for example, by chromatography 
(e.g., ion exchange, affinity, particularly by affinity for the specific antigen after Protein A, 
and sizing column chromatography), centrifugation, differential solubility, or by any other 
standard technique for the purification of proteins. In addition, the antibodies that bind to a 
10 Therapeutic protein and that may correspond to a Therapeutic protein portion of an albumin 
fusion protein of the invention or fragments thereof can be fused to heterologous polypeptide 
sequences described herein or otherwise known in the art, to facilitate purification. 

i 

s 

I 

Modifications of Antibodies 

1 5 Antibodies that bind a Therapeutic protein or fragments or variants can be fused to 

marker sequences, such as a peptide to facilitate purification. In preferred embodiments, the 
marker amino acid sequence is a hexa-histidine peptide, such as the tag provided in a pQE 
vector (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311), among others, many 
of which are commercially available. As described in Gentz et al., Proc. Natl. Acad. Sci. 

20 USA 86:821-824 (1989), for instance, hexa-histidine provides for convenient purification of 
the fusion protein. Other peptide tags useful for purification include, but are not limited to, 
the "HA" tag, which corresponds to an epitope derived from the influenza hemagglutinin 
protein (Wilson etal., Cell 37:767 (1984)) and the "flag" tag. 

The present invention further encompasses antibodies or fragments thereof conjugated 

25 to a diagnostic or therapeutic . agent. The antibodies can be used diagnostically to, for 
example, monitor the development or progression of a tumor as part of a clinical testing 
procedure to, e.g., determine the efficacy of a given treatment regimen. Detection can be 
facilitated by coupling the antibody to a detectable substance. Examples of detectable 
substances include various enzymes, prosthetic groups, fluorescent materials, luminescent 

30 materials, bioluminescent materials, radioactive materials, positron emitting metals using 
various positron emission tomographies, and nonradioactive paramagnetic metal ions. The 
detectable substance may be coupled or conjugated either directly to the antibody (or fragment 
thereof) or indirectly, through an intermediate (such as, for example, a linker known in the 
. art) using techniques known in the art. See, for example, U.S. Patent No. 4,741,900 for 

35 metal ions which can be conjugated to antibodies for use as diagnostics according to the 
present invention. Examples of suitable enzymes include horseradish peroxidase, alkaline 
phosphatase, beta-galactosidase, or acetylcholinesterase; examples of suitable prosthetic 
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group complexes include streptavidin/biotin and avidin/biotin ; examples of suitable 
fluorescent materials include umbelliferone, fluorescein, fluorescein isothiocyanate, 
rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example 
of a luminescent material includes luminol; examples of bioluminescent materials include 
5 luciferase, luciferin, and aequorin; and examples of suitable radioactive material include 1251, 

• * 

1311, lllln or 99Tc. Other examples of detectable substances have been described 
elsewwhere herein. 

Further, an antibody of the invention may be conjugated to a therapeutic moiety such 
as a cytotoxin, e.g., a cytostatic or cytocidal agent, a therapeutic agent or a radioactive metal 

10 ion, e.g., alpha-emitters such as, for example, 213BL A cytotoxin or cytotoxic agent 
includes any agent that is detrimental to cells. Examples include paclitaxol, cytochalasin B , 
gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine, 
vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone^ 
mithramycin, actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, 

15 lidocaine, propranolol, and puromycin and analogs or homologs thereof. Therapeutic agents 
include, but are not limited to, antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6- 

* 

thioguanine, cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., 
mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU) and lomustine 
(CCNU), cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and 

20 cis- dichlorodiamihe platinum (II) (DDP) cisplatin), anthracyclines (e.g., daunorubicin 
(formerly daunomycin) and doxorubicin), antibiotics (e.g., dactinomycin (formerly 
actinomycin), bleomycin, mithramycin, and anthramycin (AMC)), and anti-mitotic agents 
(e.g., vincristine and vinblastine). . 

The conjugates of the invention can be used for modifying a given biological 

25 response, the therapeutic agent or drug moiety is not to be construed as limited to classical 
chemical therapeutic agents. For example, the drug moiety may be a protein or polypeptide 
possessing a desired biological activity. Such proteins may include, for example, a toxin 
such as abrin, ricin A, pseudomonas exotoxin, or diphtheria toxin; a protein such as tumor 
necrosis factor, alpha-interferon, J3-interferon, nerve growth factor, platelet derived growth 

30 factor, tissue plasminogen activator, an apoptotic agent, e.g., TNF-alpha, TNF-beta, AIM I 
(See, International Publication No. WO 97/33899), AIM II (See, International Publication 
No. WO 97/34911), Fas Ligand (Takahashi et al,. Int. Immunol, (5:1567-1574 (1994)), 
VEGI (See, International Publication No. WO 99/23105), a thrombotic agent or an anti- 
angiogenic agent, e.g., angiostatin or endostatin; or, biological response modifiers such as, 

35 for example, lymphokines, interleukin-1 ("IL-1"), interleukin-2 ("IL-2"), interleukin-6 ("IL- 
6"), granulocyte macrophage colony stimulating factor ("GM-CSF'), granulocyte colony 
stimulating factor ("G-CSF'), or other growth factors. ■ 

73 



WO 01/79480 PCT7US01/11991 

Antibodies may also be attached to solid supports, which are particularly useful for 
immunoassays or purification of the target antigen. Such solid supports include, but are not 
limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or 
polypropylene. 

5 Techniques for conjugating such therapeutic moiety to antibodies are well known. 

See, for example, Arnon et al., "Monoclonal Antibodies For Immunotargeting Of Drugs In 
Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al. (eds.), pp^ 
243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", in 
' Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 

10 1987); Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in 
Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), pp. 
475-506 (1985); "Analysis, Results, And Future Prospective Of The Therapeutic Use Of 
Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer Detection 
And Therapy, Baldwin et al. (eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al., 

15 'The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates", Immunol. Rev. 
62:119-58(1982). 

Alternatively, an antibody can be conjugated to a second antibody to form an antibody 
heteroconjugate as described by Segal in U.S. Patent No. 4,676,980, which is incorporated 
herein by reference in its entirety. 
20 An antibody, with or without a therapeutic moiety conjugated to it, administered alone or in 

combination with cytotoxic factor(s) and/or cytokine(s) can be used as a therapeutic. 

- 

Antibody-albumin fusion ' 

Antibodies that bind to a Therapeutic protein and that may correspond to a Therapeutic 

25 protein portion of an albumin fusion protein of the invention include, but are not limited to, 
antibodies that bind a Therapeutic protein disclosed in the 'Therapeutic Protein X" column of 
Table 1 , or a fragment or variant thereof. 

In specific embodiments, the fragment or variant of an antibody that specifically binds 
a Therapeutic protein and that corresponds to a Therapeutic protein portion of an albumin 

30 fusion protein comprises, or alternatively consists of, the VH domain. In other embodiments, 
the fragment or variant of an antibody that specifically binds a Therapeutic protein and that 
corresponds to a Therapeutic protein portion of an albumin fusion protein comprises, or 
alternatively consists of, one, v two or three VH CDRs. In other embodiments, the fragment or 
variant of an antibody that specifically binds a Therapeutic protein and that corresponds to a 

35 Therapeutic protein portion of an albumin fusion protein comprises, or alternatively consists 
of, the VH CDR1. In other embodiments, the fragment or variant of an antibody that 
specifically binds a Therapeutic protein and that corresponds to a Therapeutic protein portion 
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of an albumin fusion protein comprises, or alternatively consists of, the VH CDR2. In other 
embodiments, the fragment or variant of an antibody that specifically binds a Therapeutic 
protein and that corresponds to a Therapeutic protein portion of an albumin fusion protein 
comprises, or alternatively consists of, the VH CDR3. 
5 In specific embodiments, the fragment or variant of an antibody that specifically binds 

a Therapeutic protein and that corresponds to a Therapeutic protein portion of an albumin 
fusion protein comprises,. or alternatively consists of, the VL domain. In other embodiments, 
the fragment or variant of an antibody that specifically binds a Therapeutic protein and that 
corresponds to a Therapeutic protein portion of an albumin fusion protein comprises, or 

10 alternatively consists of, one, two or three VL CDRs. In other embodiments, the fragment or 
variant of an antibody that specifically binds a Therapeutic protein and that corresponds to a 
Therapeutic protein portion of an albumin fusion protein comprises, or alternatively consists 
of, the VL CDR1. In other embodiments, the fragment or variant of an antibody that 
specifically binds a Therapeutic protein and that corresponds to a Therapeutic protein portion 

15 of an albumin fusion protein comprises, or alternatively consists of, the VL CDR2. In other 
embodiments, the fragment or variant of an antibody that specifically binds a Therapeutic 
protein and that corresponds to a Therapeutic protein portion of an albumin fusion protein 
comprises, or alternatively consists of, the VL CDRS, 

In other embodiments, the fragment or variant of an antibody that specifically binds a 

20 Therapeutic protein and that corresponds to a Therapeutic protein portion of an albumin fusion 
protein comprises, or alternatively consists of, one, two, three, four, five, or six VH and/or 
VLCDRs. . 

In preferred embodiments, the fragment or variant of an antibody that specifically 
binds a Therapeutic protein and that corresponds to ia Therapeutic protein portion of an 

25 albumin fusion protein comprises, or alternatively consists of, an scFv comprising the VH 
domain of the Therapeutic antibody, linked to the VL domain of the therapeutic antibody by a 
peptide linker such as (Gly 4 Ser) 3 (SEQ ID NO:36). 

Immunophenotyping 

30 1 The antibodies of the invention or albumin fusion proteins of the invention comprising 

at least a fragment or variant of an antibody that binds a Therapeutic protein (or fragment or 
variant thereof) may be utilized for immunophenotyping of cell lines and biological samples. 
Therapeutic proteins of the present invention may be useful as cell-specific markers, or more 
specifically as cellular markers that are differentially expressed at various stages of 

35 differentiation and/or maturation of particular cell types. Monoclonal antibodies (or albumin 
fusion proteins comprsing at least a fragment or variant of an antibody that binds a 
Therapeutic protein) directed against a specific epitope, or combinatipn of epitopes, will allow 
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for the screening of cellular, populations expressing the marker. Various techniques can be 
utilized using monoclonal antibodies (or albumin fusion proteins comprising at least a 
fragment or variant of an antibody that binds a Therapeutic protein) to screen for cellular 
populations expressing the marker(s), and include magnetic separation using antibody-coated 

» 

5 magnetic beads, "panning" with antibody attached to a solid matrix (i.e., plate), and flow 
cytometry (See, e.g., U.S. Patent 5,985,660; and Morrison et al, Cell, 96:731-49 (1999)). 

These techniques allow for the screening of particular populations of cells, such as 
might be found with hematological malignancies (i.e. minimal residual disease (MRD) in 
acute leukemic patients) and "non-self cells in transplantations to prevent Graft-versus-Host 
10 Disease (GVHD). Alternatively, these techniques allow for the screening of hematopoietic 
stem and progenitor cells capable of undergoing proliferation and/or differentiation, as might 
be found in human umbilical cord blood. 



15 Characterizing Antibodies that bind a Tfierapeutic Protein and Albumin Fusion 

Proteins Comprising a Fragment or Variant of an Antibody that binds a Therapeutic 
Protein 

The antibodies of the invention or albumin fusion proteins of the invention comprising 
at least a fragment or variant of an antibody that binds a Therapeutic protein (or fragment or 

20 variant thereof) may be characterized in a variety of ways. In particular, Albumin fusion 
proteins of the invention comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein may be assayed for the ability to specifically bind to the same antigens 
specifically bound by the antibody that binds a Therapeutic protein corresponding to the 
antibody that binds a Therapeutic protein portion of the albumin fusion protein using 

25 techniques described herein or routinely modifying techniques known in the art. 

Assays for the ability of the antibodies of the invention or albumin fusion proteins of 
the invention comprising at least a fragment or variant of an antibody that binds a Therapeutic 
protein (or fragment or variant thereof) to (specifically) bind a specific protein or epitope may 
be performed in solution (e.g., Houghten, Bio/Techniques 13:412-421(1992)), on beads 

30 (e.g., Lam, Nature 354:82-84 (1991)), on chips (e.g., Fodor, Nature 364:555-556 (1993)), 
on bacteria (e.g., U.S. Patent No. 5,223,409), on spores {e.g., Patent Nos. 5,571,698; 
5,403,484; and 5,223,409), on plasmids (e.g., Cull et al., Proc. Natl. Acad. Sci. USA 
89:1865-1869 (1992)) or on phage (e.g., Scott and Smith, Science 249:386-390 (1990); 
Devlin, Science 249:404-406 (1990); Cwirla et al., Proc. Natl. Acad. Sci. USA 

35 87:6378-6382 (1990); and Felici, J. Mol. Biol. 222:301-310 (1991)) (each of these 
references is incorporated herein in its entirety by reference). The antibodies of the invention 
or albumin fusion proteins of the invention comprising at least a fragment or variant of an 

* 

. 76 



WO 01/79480 PCT7US01/11991 

antibody that binds a Therapeutic protein (or fragment or variant thereof) may also be assayed 
for their specificity and affinity for a specific protein or epitope using or routinely modifying 
techniques described herein or otherwise known in the art. 

The albumin fusion proteins of the invention comprising at least a fragment or variant 
5 of an antibody that binds a Therapeutic protein may be assayed for cross-reactivity with other 
antigens (e.g., molecules that have sequence/structure conservation with the molecule(s) 
specifically bound by the antibody that binds a Therapeutic protein (or fragment or variant 
thereof) corresponding to the Therapeutic protein portion of the albumin fusion protein of the 
invention) by any method known in the art. 

10 Immunoassays which can be used to analyze (immunospecific) binding and cross- 

reactivity include, but are not limited to, competitive and non-competitive assay systems using 
techniques such as western blots, radioimmunoassays, ELISA (enzyme linked 
immunosorbent assay), "sandwich" immunoassays,, immunoprecipitation assays, precipitin 
reactions, gel diffusion precipitin reactions, immunodiffusion assays, agglutination assays, 

15 complement-fixation assays, immunoradiometric assays, fluorescent immunoassays, and 
protein A immunoassays, to name but a few. Such assays are routine and well known in the 
art (see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John 
Wiley & Sons, Inc., New York, which is incorporated by reference herein in its entirety). 
Exemplary immunoassays are described briefly below (but are not intended by way of 

20 limitation). 

Immunoprecipitation protocols generally comprise lysing a population of cells in a 
lysis buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium deoxycholate, 
0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1% Trasylol) supplemented 
with protein phosphatase and/or protease inhibitors (e.g., EDTA, PMSF, aprotinin, sodium 

25 vanadate), adding an antibody of the invention or albumin fusion protein of the invention 
comprising at least a fragment or variant of an antibody that binds a Therapeutic protein (or 
fragment or variant thereof) to the cell lysate, incubating for a period of time (e.g., 1 to 4 
hours) at 40 degrees C, adding protein A and/or protein G sepharose beads (or beads coated 
with an appropriate anti-iditoypic antibody or anti-albumin antibody in the case when an 

30 albumin fusion protein comprising at least a fragment or variant of a Therapeutic antibody) to 
the cell lysate, incubating for about an hour br more at 40 degrees C, washing the beads in 
lysis buffer and resuspending the beads in SDS/sample buffer. The ability of the antibody or 
albumin fusion protein of the invention to immunoprecipitate a particular antigen can be 
assessed by, e.g., western blot analysis. One of skill in the art would be knowledgeable as to 

35 the parameters that can be modified to increase the binding of the antibody or albumin fusion 
protein to an antigen and decrease the background (e.g., pre-clearing the cell lysate with 
sepharose beads). For further discussion regarding immunoprecipitation protocols see, e.g., 
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Ausubel et al, eds, 1994, Current Protocols in Molecular Biology, Vol. 1, John Wiley & 
Sons, Inc., New York at 10.16.1. 

Western blot analysis generally comprises preparing protein samples, electrophoresis 
of the protein samples in a polyacrylamide gel (e.g., 8%- 20% SDS-PAGE depending on the 
5 molecular weight of the antigen), transferring the protein sample from the polyacrylamide gel 
to a membrane such as nitrocellulose, PVDF or nylon, blocking the membrane in blocking 
solution (e.g., PBS with 3% BSA or non-fat milk), washing the membrane in washing buffer 
(e.g., PBS-Tween 20), applying the antibody or albumin fusion protein of the invention 
(diluted in blocking buffer) to the membrane, washing the membrane in washing buffer, 
10 - applying a secondary antibody (which recognizes the antibody or albumin fusion protein, 
e.g., an anti-human serum albumin antibody) conjugated to an enzymatic substrate (e.g., 

* - 

horseradish peroxidase or alkaline phosphatase) or radioactive molecule (e.g., 32 P or I25 I) 
diluted in blocking buffer, washing the membrane in wash buffer, and detecting the presence 
of the antigen. One of skill in the art would be knowledgeable as to the parameters that can be 

15 modified to increase the signal detected and to reduce the background noise. For further 
discussion regarding western blot protocols see, e.g., Ausubel et al, eds, 1994, Current 
Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 10.8.1. 

ELISAs comprise preparing antigen, coating the well of a 96-well microtiter plate with 
the antigen, washing away antigen that did not bind the wells, adding the antibody or 

20 albumin fusion protein (comprising at least a fragment or variant of an antibody that binds a 
Therapeutic . protein) of the invention conjugated to a detectable compound such as an 
enzymatic substrate (e.g., horseradish peroxidase or alkaline phosphatase) to the wells and 
incubating for a period of time, washing away unbound or non-specifically bound albumin 
fusion proteins, and detecting the presence of the antibody or albumin fusion proteins 

25 specifically bound to the antigen coating the well. In ELISAs the antibody or albumin fusion 
protein does not have to be conjugated to a detectable compound; instead, a second antibody 
(which recognizes the antibody or albumin fusion protein, respectively) conjugated to a 
detectable compound may be added to the well. Further, instead of coating the well with the 
antigen, antibody or the albumin fusion protein may be coated to the well. In this case, the 

30 detectable molecule could be the antigen conjugated to a detectable compound such as an 
enzymatic substrate (e.g., horseradish peroxidase or alkaline phosphatase). One of skill in 
the art would be knowledgeable as to the parameters that can be modified to increase the 
signal detected as well as other variations of ELISAs known in the art. For further discussion 
regarding ELISAs see, e.g., Ausubel et al, eds, 1994, Current Protocols in Molecular 

35 Biology, Vol. 1, John Wiley &~Sons, Inc., New York at 11.2.1. 

The binding affinity of an albumin fusion protein to a protein, antigen, or epitope and 
the off-rate of an antibody- or albumin fusion protein-protein/antigen/epitope interaction can 

* i • • • 
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be determined by competitive binding assays. One example of a competitive binding assay is 
a radioimmunoassay comprising the incubation of labeled antigen {e.g., 3 H or 125 I) with the 

i 

antibody or albumin fusion protein of the invention in the presence of increasing amounts of 
unlabeled antigen, and the detection of the antibody bound to the labeled antigen. The affinity 
5 of the antibody or albumin fusion protein^ of the present invention for a specific protein, 
antigen, or epitope and the binding off-rates can be determined from the data by Scatchard 
plot analysis. Competition with a second protein that binds the same protein, antigen or 
epitope as the antibody or albumin fusion protein, can also be determined using 
radioimmunoassays. In this case, the protein, antigen or epitope is incubated with an 

r 

10 antibody or albumin fusion protein of the present invention conjugated to a labeled compound 
(e.g., 3 H or 125 I) in the presence of increasing amounts of an unlabeled second protein that 
binds the same protein, antigen, or epuitope as the albumin fusion protein of the invention. 

■ # 

In a preferred embodiment, BIAcore kinetic analysis is used to determine the binding 
on and off rates of antibody or albumin fusion proteins of the invention to a protein, antigen 
15 or epitope. BIAcore kinetic analysis comprises analyzing the binding and dissociation of 
antibodies, albumin fusion proteins, or specific polypeptides, antigens or epitopes from chips 
with immobilized specific polypeptides, antigens or epitopes, antibodies or albumin fusion 
proteins, respectively, on their surface. 

20 . Therapeutic Uses 

The present invention is further directed to antibody-based therapies which involve 

■ 

administering antibodies of the invention or albumin fusion proteins of the invention 
comprising at least a fragment or variant of an antibody that binds a Therapeutic protein to an 
animal, preferably a mammal, and most preferably a human, patient for treating one or more 

25 of the disclosed diseases, disorders, or conditions. Therapeutic compounds of the invention 
include, but are not limited to, antibodies of the invention (including fragments, analogs and 
derivatives thereof as described herein), nucleic acids encoding antibodies of the invention 
(including fragments, analogs and derivatives thereof and anti-idiotypic antibodies as 
described herein), albumin fusion proteins of the invention comprising at least a fragment or 

30 variant of an antibody that binds a Therapeutic protein, and nucleic acids encoding such 
albumin fusion proteins. The antibodies of the invention or albumin fusion proteins of the 
invention comprising at least a fragment or variant of an antibody that binds a Therapeutic 
protein can be used to treat, inhibit or prevent diseases, disorders or conditions associated 
with aberrant expression and/or activity of a Therapeutic protein, including, but not limited 

35 to, any one or more of the diseases, disorders, or conditions described herein. The treatment 
and/or prevention of diseases, disorders, or conditions associated with aberrant expression 
and/or activity of a Therapeutic protein includes, but is not limited to, alleviating symptoms 
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associated with those diseases, disorders or conditions, antibodies of the invention or 
albumin fusion proteins of the invention comprising at least a fragment or variant of an 
antibody that binds a Therapeutic protein may be provided in pharmaceutically acceptable 
compositions as known in the art or as described herein. 
5 In a specific and preferred embodiment, the present invention is directed to antibody- 

based therapies which involve administering antibodies of the invention or albumin fusion 
proteins of the invention comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein to an animal, preferably a mammal, and most preferably a human, patient 
for treating one or more diseases, disorders, or conditions, including but not limited to: neural 

10 disorders, immune system disorders, muscular disorders, reproductive disorders, 
gastrointestinal disorders, pulmonary disorders, cardiovascular disorders, renal disorders, 
proliferative disorders, and/or cancerous diseases and conditions., and/or as described 
elsewhere herein. Therapeutic compounds of the invention include, but are not limited to, 
antibodies of the invention (e.g., antibodies directed to the full length protein expressed on the 

15 cell surface of a mammalian cell; antibodies directed to an epitope of a Therapeutic protein and 
nucleic acids encoding antibodies of the invention (including fragments, analogs and 
derivatives thereof and anti-idiotypic antibodies as described herein). The antibodies of the 
invention can be used to treat, inhibit or prevent diseases, disorders or conditions associated 
with aberrant expression and/or activity of a Therapeutic protein, including, but not limited 

20 to, any one or more of the diseases, disorders, or conditions described herein. The treatment 
and/or prevention of diseases, disorders, or conditions associated with aberrant expression 
and/or activity of a Therapeutic protein includes, but is not limited to, alleviating symptoms 
associated with those diseases, disorders or conditions. Antibodies of the invention or 
albumin fusion proteins of the invention comprising at least a fragment or variant of an 

25 antibody that binds a Therapeutic protein may be provided in pharmaceutically acceptable 
compositions as known in the art or as described herein. 

A summary of the ways in which the antibodies of the invention or albumin fusion 
proteins of the invention comprising at least a fragment or variant of an antibody that binds a 
Therapeutic protein may be used therapeutically includes binding Therapeutic proteins locally 

30 or systemically in the body or by direct cytotoxicity of the antibody, e.g. as mediated by 
complement (CDC) or by effector cells (ADCC). Some of these approaches are described in 
more detail below. Armed with the teachings provided herein, one of ordinary skill in the art 

■ ♦ 

will know how to use the antibodies of the invention or albumin fusion proteins of the 
invention comprising at least a fragment or variant of an antibody that binds a Therapeutic 
35 protein for diagnostic, monitoring or therapeutic purposes without undue experimentation. 

The antibodies of the invention or albumin fusion proteins of the invention 
comprising at least a fragment or variant of an antibody that binds a Therapeutic protein may 

■ 
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be advantageously utilized in combination with other monoclonal or chimeric antibodies, or 
with lymphokines or hematopoietic growth factors (such as, e.g., IL-2, IL-3 and IL-7), for 
example, which serve to increase the number or activity of effector cells which interact with 
the antibodies. 

5 The antibodies of the invention or albumin fusion proteins of the invention 

comprising at least a fragment or variant of an antibody that binds a Therapeutic protein may 

. ■ ' 

be administered alone or in combination with other types of treatments (e.g., radiation 
therapy, chemotherapy,, hormonal therapy, immunotherapy and anti-tumor agents). 
Generally, administration of products of a species origin or species reactivity (in the case of 

10 antibodies) that is the same species as that of the patient is preferred. Thus, in a preferred 
embodiment, human antibodies, fragments derivatives, analogs, or nucleic acids, are 
administered to a human patient for therapy or prophylaxis. 

It is preferred to use high affinity and/or potent in vivo inhibiting and/or neutralizing 
antibodies against Therapeutic proteins, fragments or regions thereof, (or the albumin fusion 

15 protein correlate of such an antibody) for both immunoassays directed to and therapy of 
disorders related to polynucleotides or polypeptides, including fragments thereof, of the 
present invention. Such antibodies, fragments, or regions, will preferably have an affinity for 
polynucleotides or polypeptides of the invention, including fragments thereof. Preferred 
binding affinities include dissociation constants or Kd's less than 5 X 10 2 M, 10 2 M, 5 X 10" 

20 1 3 M, 10~ 3 M, 5 X 10" 4 M, 10 4 M. More preferred binding affinities include those with a 
dissociation constant or Kd less than 5 X 10" 5 M, 10 5 M, 5 X 10' 6 M, 10 6 M, 5 X 10 7 M, 10 7 
M, 5 X 10~ 8 M or 10~ 8 M. Even more preferred binding affinities include those with a 
dissociation constant or Kd less than 5 X 10" 9 M, 10" 9 M, 5 X 1<T 10 M, 10" 10 M, 5 X 10 11 M, 
10"" M, 5 X tor 12 M, 1012 M, 5 X 10 13 M, 10 13 M, 5 X 10 14 M, 10 14 M, 5 X 10 15 M, or 10" 

25 15 M. 

Gene Therapy - 

. In a specific embodiment, nucleic acids comprising sequences encoding antibodies 
that bind Therapeutic proteins or albumin fusion proteins comprising at least a fragment or 

30 varaint of an antibody that binds a Therapeutic protein are administered to treat, inhibit or 
prevent a disease or disorder associated with aberrant expression and/or activity of a 
Therapeutic protein, by way of gene therapy. Gene therapy refers to therapy performed by 
the administration to a subject of an expressed or expressible nucleic acid. In this 
embodiment of the invention, the nucleic acids produce their encoded protein that mediates a 

35 therapeutic effect. - 

Any of the methods for gerie therapy available in the art can be used according to the 
present invention. Exemplary methods are described in more detail elsewhere in this 
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application. 

Demonstration of Therapeutic or Prophylactic Activity 

The compounds or pharmaceutical compositions of the invention are preferably tested 
5 in vitro, and then in vivo for the desired therapeutic or prophylactic activity, prior to use in 
humans. For example, in vitro assays to demonstrate the therapeutic or prophylactic utility of 
a compound or pharmaceutical composition include, the effect of a compound on a cell line or 
a patient tissue sample. The effect of the compound or composition on the cell line and/or 
tissue sample can be determined utilizing techniques known to those of skill in the art 
10 including, but not limited to, rosette formation assays and cell lysis assays. In accordance 
with the invention, in vitro assays which can be used to determine whether administration of a 
specific compound is indicated, include in vitro cell culture assays in which a patient tissue 
sample is grown in culture, and exposed to or otherwise administered a compound, and the 
effect of such compound upon the tissue sample is observed. 

15 . 

Therapeutic/ Prophylactic Administration and Composition 

The invention provides methods of treatment, inhibition and prophylaxis by 
administration to a subject of an effective amount of a compound or pharmaceutical 
composition of the invention, preferably an antibody. In a preferred embodiment, the 

20 compound is substantially purified (e.g., substantially free from substances that limit its 
effect or produce undesired side-effects). The subject is preferably an animal, including but 
not limited to animals such as cows, pigs, horses, chickens, cats, dogs, etc., and is 
preferably a mammal, and most preferably human. 

Formulations and methods of administration that can be employed when the 

25 compound comprises a nucleic acid or an immunoglobulin are described above; additional 
appropriate formulations and routes of administration can be selected from among those 
described herein below. 

Various delivery systems are known and can be used to administer a compound of the 
invention, e.g,, encapsulation in liposomes, microparticles, microcapsules, recombinant cells 

30 capable of expressing the compound, receptor-mediated endocytosis (see, e^g., Wu and Wu, 
J. Biol. Chem. 262:4429-4432 (1987)), construction of a nucleic acid as part of a retroviral 
or other vector, etc. Methods of introduction include but are not limited to intradermal, 
intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural, and oral 
routes. The compounds or compositions may be administered by any convenient route, for 

35 example by infusion or bolus injection, by absorption through epithelial or mucocutaneous 
linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and may be administered 
together with other biologically active agents. Administration can be systemic or local. In 
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addition, it may be desirable to introduce the pharmaceutical compounds or compositions of 
the invention into the central nervous system by any suitable route, including intraventricular 
and intrathecal injection; intraventricular injection may be facilitated by an intraventricular 
catheter, for example, attached to a reservoir, such as an Ommaya reservoir. Pulmonary 
5 administration can also be employed, e.g., by use of an inhaler or nebulizer, and formulation 
with an aerosolizing agent. 

In a specific embodiment, it may be desirable to administer the pharmaceutical 
compounds or compositions of the invention locally to the area in need of treatment; this may 
be achieved by, for example, and not by way of limitation, local infusion during surgery, 

10 topical application, e.g., in conjunction with a wound dressing after surgery, by injection, by 
means of a catheter, by means of a suppository, or by means of an implant, said implant 
being of a porous, non-porous, or gelatinous material, including membranes, such as sialastic 
membranes, or fibers. Preferably, when administering a protein, including an antibody, of 
the invention, care must be taken to use materials to which the protein does not absorb. 

15 In another embodiment, the compound or composition can be delivered in a vesicle, in 

particular a liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes 
in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, 
New York, pp. 353- 365 (1989); Lopez-Berestein, ibid., pp. 317-327; see generally ibid.) 

In yet another embodiment, the compound or composition can be delivered in a 

20 controlled release system. In one embodiment, a pump may be used (see Langer, supra; 
Sefton, CRC Grit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et aL, Surgery 88:507 
(1980); Saudek et al., N. Engl. J. Med. 321:574 (1989)). In another embodiment, 
polymeric materials can be used (see Medical Applications of Controlled Release, Langer and 
Wise (eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug 

25 Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger 
and Peppas, J., Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983); see also Levy et al., 
Science 228:190 (1985); During et al., Ann. Neurol. 25:351 (1989); Howard et al., 
J.Neurosurg. 71:105 (1989)). In yet another embodiment, a controlled release system can be 
placed in proximity of the therapeutic target, e.g., the brain, thus requiring only a fraction of 

4 

30 the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release, 
supra, vol. 2, pp. 115-138 (1984)). 

Other controlled release systems are discussed in the review by Langer (Science 
249:1527-1533(1990)). 

In a specific embodiment where the compound of the invention is a nucleic acid 
35 encoding a protein, the nucleic acid can be administered in vivo to promote expression of its 
encoded protein, by constructing it as part of an appropriate nucleic acid expression vector 
and administering it so that it becomes intracellular, e.g., by use of a retroviral vector (see 
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U.S. Patent No. 4,980,286), or by direct injection, or by use of microparticle bombardment 
(e.g., a gene gun; Biolistic, Dupont), or coating with lipids or ' cell -surface receptors or 
transfecting agents, or by administering it in linkage to a homeobox- like peptide which is 
known to enter the nucleus (see e.g., Joliot et al, Proc. Natl. Acad. Sci. USA 88:1864-1868 
5 (1991)), etc. Alternatively, a nucleic acid can be introduced intracellularly and incorporated 
within host cell DNA for expression, by homologous recombination. 

The present invention also provides pharmaceutical compositions. Such compositions 
comprise a therapeutically effective amount of a compound, and a pharmaceutically 
acceptable carrier. In a specific embodiment, the term "pharmaceutically acceptable" means 

10 approved by a regulatory agency of the Federal or a state government or listed in the U.S. 
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more 
particularly in humans. The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle 
with which the therapeutic is administered. Such pharmaceutical carriers can be sterile 
liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic 

15 origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water is a 
preferred carrier when the pharmaceutical composition is administered intravenously. Saline 
solutions and aqueous dextrose and glycerol solutions can also be employed as liquid carriers, 
particularly for injectable solutions. Suitable pharmaceutical excipients include starch, 
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol 

20 monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, 
ethanol and the like. The composition, if desired, can also contain minor amounts of wetting 
or emulsifying agents, or pH buffering agents. These compositions can take the form of 
solutions, suspensions, emulsion, tablets, pills, capsules, powders, sustained-release 
formulations and the like. The composition can be formulated as a suppository, with 

25 traditional binders and carriers such as triglycerides. Oral formulation can include standard 
carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 
sodium saccharine, cellulose, magnesium carbonate, etc. Examples Of suitable 
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E.W. 
Martin. Such compositions will contain a therapeutically effective amount of the compound, 

30 preferably in purified form, together with a suitable amount of carrier so as to provide the 

.- 

form for proper administration to the patient. The formulation should suit the mode of 
administration. 

In a preferred embodiment, the composition is formulated in accordance with routine 
procedures as a pharmaceutical composition adapted for intravenous administration to human 
35 beings. Typically, compositions for intravenous administration are solutions in sterile 
isotonic aqueous buffer. Where necessary, the composition may also include a solubilizing 
agent and a local anesthetic such as lignocaine to ease pain at the site of the injection. 

- 
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Generally, the ingredients are supplied either separately or mixed together in unit dosage 
form, for example, as a dry lyophilized powder or water free concentrate in a hermetically 
sealed container such as an ampoule or sachette indicating the quantity of active agent. Where 
the composition is to be administered by infusion, it can be dispensed with an infusion bottle 
5 containing sterile pharmaceutical grade water or saline. Where the composition is 
administered by injection, an ampoule of sterile water for injection or saline can be provided 
so that the ingredients may be mixed prior to administration. 

The compounds of the invention can be formulated as neutral or salt forms. 
Pharmaceutically acceptable salts include those formed with anions such as those derived 

10 from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with 
cations such as those derived from sodium, potassium, ammonium, calcium, ferric 
hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. 

The amount of the compound of the invention which will be effective in the treatment, 
inhibition and prevention of a disease or disorder associated with aberrant expression and/or 

15 activity of a Therapeutic protein can be determined by standard clinical techniques. In 
addition, in vitro assays may optionally be employed to help identify optimal dosage ranges. 
The precise dose to be employed in the formulation will also depend on the route of 
administration, and the seriousness of the disease or disorder, and should be decided 
according to the judgment of the practitioner and each patients circumstances. Effective 

20 doses may be extrapolated from dose-response curves derived from in vitro or animal model 

test systems. * 

For antibodies, the dosage administered to a patient is typically 0.1 mg/kg to 100 
mg/kg of the patient's body weight Preferably, the dosage administered to a patient is 
between 0.1 mg/kg and 20 mg/kg .of the patient's body weight, more preferably 1 mg/kg to 

25 10 mg/kg of the patient's body weight. Generally, human antibodies have a longer half-life 
within the human body than antibodies from other species due to the immune response to the 
foreign polypeptides. Thus, lower dosages of human antibodies and less frequent 
administration is often possible. Further, the dosage and frequency of administration of 
antibodies of the invention may be reduced by enhancing uptake and tissue penetration (e.g., 

30 . into the brain) of the antibodies by modifications such as, for example, lipidation. 

Diagnosis and Imaging 

Labeled antibodies and derivatives and analogs thereof that bind a Therapeutic protein 
35 (or fragment or variant thereof) (including albumin fusion proteins comprising at least a 

« 

fragment or variant of an antibody that binds a Therapeutic protein), can be used for 
diagnostic purposes to detect, diagnose, or monitor diseases, disorders, and/or conditions 
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associated with the aberrant expression and/or activity of Therapeutic protein. The invention 
provides for the detection of aberrant expression of a Therapeutic protein, comprising (a) 
assaying the expression of the Therapeutic protein in ceils or body fluid of an individual using 
one or more antibodies specific to the polypeptide interest and (b) comparing the level of gene 
5 expression with a standard gene expression level, whereby an increase or decrease in the 
assayed Therapeutic protein expression level compared to the standard expression level is 
indicative of aberrant expression. 

The invention provides a diagnostic assay for diagnosing a disorder, comprising (a) 
assaying the expression of the Therapeutic protein in cells or body fluid of an individual using 

10 one or more antibodies specific to the Therapeutic protein or albumin fusion proteins 
comprising at least a fragment of variant of an antibody specific to a Therapeutic protein, and 
(b) comparing the level of gene expression with a standard gene expression level, whereby an 
increase or decrease in the assayed Therapeutic protein gene expression level compared to the 
standard expression level is indicative of a particular disorder. With respect to cancer, the 

15 presence of a relatively high amount of transcript in biopsied tissue from an individual may 
indicate a predisposition for the development of the disease, or may provide a means for 
detecting the disease prior to the appearance of actual clinical symptoms. A more definitive 
diagnosis of this type may allow health professionals to employ preventative measures or 
aggressive treatment earlier thereby preventing the development or further progression of the 

20 cancer. 

Antibodies of the invention or albumin fusion proteins comprising at least a fragment 
of variant of an antibody specific to a Therapeutic protein can be used to assay protein levels 
in a biological sample using classical immunohistological methods known to those of skill in 
the art (e.g., see Jalkanen et al., J. Cell. Biol. 101:976-985 (1985); Jalkanen et al., J. Cell . 

25 . Biol. 105:3087-3096 (1987)). Other antibody-based methods useful for detecting protein 
gene expression include immunoassays, such as the enzyme linked immunosorbent assay 
(ELISA) and the radioimmunoassay (RIA). Suitable antibody assay labels are known in the 
art and include enzyme labels, such as, glucose oxidase; radioisotopes, such as iodine (1251, 
1211), carbon (14C), sulfur (35S), tritium (3H), indium (112In), and technetium (99Tc); 

30 luminescent labels, such as luminol; and fluorescent labels, such as fluorescein and 
rhodamine, and biotin. 

One facet of the invention is the detection and diagnosis of a disease or disorder 
associated with aberrant expression of a Therapeutic protein in an animal, preferably a 
mammal and most preferably a . human. In one embodiment, diagnosis comprises: a) 

35 administering (for example, parenterally, subcutaneously, or intraperitoneally) to a subject an 
effective amount of a labeled molecule which specifically binds to the polypeptide of interest; 
b) waiting for a time interval following the administering for permitting the labeled molecule 
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to preferentially concentrate at sites in the subject where the Therapeutic protein is expressed 
(and for unbound labeled molecule to be cleared to background level); c) determining 
. background level; and d) detecting the labeled molecule in the subject, such that detection of 
labeled molecule above the background level indicates that the subject has a particular disease 
5 or disorder associated with aberrant expression of the Therapeutic protein. Background level 
can be determined by various methods including, comparing the amount of labeled molecule 
detected to a standard value previously determined for a particular system. 

It will be understood in the art that the size of the subject and the imaging system used 
will determine the quantity of imaging moiety needed to produce diagnostic images. In the 
10 case of a radioisotope moiety, for a human subject, the quantity of radioactivity injected will 
normally range from about 5 to 20 millicuries of 99mTc. The labeled antibody, antibody . 
fragment, or albumin fusion protein comprising at least a fragement or variant of an antibody 

that binds a Therapeutic protein will then preferentially accumulate at the location of cells 

> 

which contain the specific Therapeutic protein. In vivo tumor imaging is described in S. W. 
15 Burchiel et al., "Immunopharmacokinetics of Radiolabeled Antibodies and Their Fragments." 
(Chapter 13 in Tumor Imaging: The Radiochemical Detection of Cancer, S.W. Burchiel and 
B. A. Rhodes, eds., Masson Publishing Inc. (1982))" 

Depending on several variables, including the type of label used and the mode of 
administration, the time interval following the administration foP permitting the labeled 
20 molecule to preferentially concentrate at sites in the subject and for unbound labeled molecule 
to be cleared to background level is 6 to 48 hours or 6 to 24 hours or 6 to 12 hours. In 
another embodiment the time interval following administration is 5 to 20 days or 5 to 10 days. 

In an embodiment, monitoring of the disease or disorder is carried out by repeating the 
method for diagnosing the disease or disease, for example, one month after initial diagnosis, 
25 six months after initial diagnosis, one year after initial diagnosis, etc. 

Presence of the labeled molecule can be detected in the patient using methods known 
in the art for in vivo scanning. These methods depend upon the type of label used. Skilled 

* 

artisans will be able to determine the appropriate method for detecting a particular label. 

Methods and devices that may be used in the diagnostic methods of the invention include, but 
30 are not limited to, computed tomography (CT), whole body scan such as position emission 

tomography (PET), magnetic resonance imaging (MRI), and sonography. 

In a specific embodiment, the molecule is labeled with a radioisotope and is detected in 

the patient using a radiation responsive surgical instrument (Thurston et al., U.S. Patent No. 

5,441,050). In another embodiment, the molecule is labeled with a fluorescent compound 
35 and is detected in the patient using a fluorescence responsive scanning instrument. In another 

embodiment, the molecule is labeled with a positron emitting metal and is detected in the 

patent using positron emission-tomography. In yet another embodiment, the molecule is 
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labeled with a paramagnetic label and is detected in a patient using magnetic resonance 
imaging (MRI). . 

Kits 

5 The present invention provides kits that can be used in the above methods. In one 

embodiment, a kit comprises an antibody, preferably a purified antibody, in one or more 

* * 

containers. In a specific embodiment, the kits of the present invention contain a substantially 
isolated polypeptide comprising an epitope which is specifically immunoreactive with an 
antibody included in the kit. Preferably, the kits of the present invention further comprise a 

10 control antibody which does not react with the polypeptide of interest. In another specific 
embodiment, the kits of the present invention contain a means for detecting the binding of an 
antibody to a polypeptide of interest (e.g., the antibody may be conjugated to a detectable 
substrate such as a fluorescent compound, an enzymatic substrate, a radioactive compound or 
a luminescent compound, or a second antibody which recognizes the first antibody may be 

1 5 conjugated to a detectable substrate). 

In another specific embodiment of the present invention, the kit is a diagnostic kit for 
use in screening serum containing antibodies specific against proliferative and/or cancerous 
polynucleotides and polypeptides. Such a kit may include a control antibody that does not 
react with the polypeptide of interest. Such a kit may include a substantially isolated 

20 polypeptide antigen comprising an epitope which is specifically immunoreactive with at least 
one anti-polypeptide antigen antibody. Further, such a kit includes means for detecting the 
binding of said antibody to the antigen (e.g., the antibody may be conjugated to a fluorescent 
compound such as fluorescein or rhodamine which can be detected by flow cytometry). In 
specific embodiments, the kit may include a recombinantly produced or chemically 

25 synthesized polypeptide antigen. The polypeptide antigen of the kit may also be attached to a 
solid support. 

In a more specific embodiment the detecting means of the above-described kit includes 
a solid support to which said polypeptide antigen is attached. Such a kit may also include a 
.non-attached reporter-labeled anti-human antibody. In this embodiment, binding of the 
30 antibody to the polypeptide antigen can be detected by binding of the said reporter-labeled 
antibody. 

In an additional embodiment, the invention includes a diagnostic kit for use in 
screening serum containing antigens of the polypeptide of the invention. The diagnostic kit 
includes a substantially isolated antibody specifically immunoreactive with polypeptide or 
35 polynucleotide antigens, and means for detecting the binding of the polynucleotide or 
polypeptide antigen to the antibody. In one embodiment, the antibody is attached to a solid 
support. In a specific embodiment, the antibody may be a monoclonal antibody. The detecting 
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j means of the kit may include a second, labeled monoclonal antibody. Alternatively, or in 
addition, the detecting means may include a labeled, competing antigen. 

In one diagnostic configuration, test serum is reacted with a solid phase reagent 
having a surface-bound antigen obtained by the methods of the present invention. After 
5 binding with specific antigen antibody to the reagent and removing unbound serum 
components by washing, the reagent is reacted with reporter-labeled anti-human antibody to 
bind reporter to the reagent in proportion to the amount of bound anti-antigen antibody on the 
solid support. The reagent is again washed to remove unbound labeled antibody, and the 
amount of reporter associated with the reagent is determined. Typically, the reporter is an 
10 enzyme which is detected by incubating the solid phase in the presence of a suitable 
fluorometric, luminescent or colorimetric substrate (Sigma, St. Louis, MO). 

The solid surface reagent in the above assay is prepared by known techniques for 
attaching protein material to solid support material, such as polymeric beads, dip sticks, 96- 
well plate or filter material. These attachment methods generally include non-specific 
15 adsorption of the protein to the support or covalent attachment of the protein, typically 
through a free amine group, to a chemically reactive group on the solid support, such as an 
activated carboxyl, hydroxyl, or aldehyde group. Alternatively, streptavidin coated plates can 
be used in conjunction with biotinylated antigen(s). 

Thus, the invention provides an assay system or kit for carrying out this diagnostic 
20 method. The kit generally includes a support with surface-bound recombinant antigens, and a 
reporter-labeled anti-human antibody for detecting surface-bound anti-antigen antibody. 

Albumin Fusion Proteins 

25 The present invention relates generally to albumin fusion proteins and methods of 

treating, preventing, or ameliorating diseases or disorders. As used herein, "albumin fusion 
protein" refers to a protein formed by the fusion of at least one molecule of albumin (or a 
fragment or variant thereof) to at least one molecule of a Therapeutic protein (or fragment or 
variant thereof). An albumin fusion protein of the invention comprises at least a fragment or 

30 variant of a Therapeutic protein and at least a fragment or variant of human serum albumin, 
which are associated with one another, preferably by genetic fusion (i.e., the albumin fusion 
protein is generated by translation of a nucleic acid in which a polynucleotide encoding all or a 
portion of a Therapeutic protein is joined in-frame with a polynucleotide encoding all or a 
portion of albumin) or chemical conjugation to one another. The Therapeutic protein and 

35 albumin protein, once part of the albumin fusion protein, may be referred to as a "portion", 
"region" or "moiety" of the albumin fusion protein. 

In one embodiment, the invention provides an albumin fusion protein comprising, or 
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alternatively consisting of, a Therapeutic protein (e.g., as described in Table 1) and a serum 
albumin protein. In other embodiments, the invention provides an albumin fusion protein 
comprising, or alternatively consisting of, a biologically active and/or therapeutically active 
fragment of a Therapeutic protein and a serum albumin protein. In other embodiments, the 
5 invention provides an albumin fusion protein comprising, or alternatively consisting of, a 
biologically active and/or therapeutically active variant of a Therapeutic protein and a serum 
albumin protein. In preferred embodiments, the serum albumin protein component of the 
albumin fusion protein is the mature portion of serum albumin. 

In further embodiments, the invention provides an albumin fusion protein comprising, 

10 or alternatively consisting of, a Therapeutic protein, and a biologically active and/or 
therapeutically active fragment of serum albumin. In further embodiments, the invention 
provides an albumin fusion protein comprising, or alternatively consisting of, a Therapeutic 
protein and a biologically active and/or therapeutically active variant of serum albumin. In 
preferred embodiments, the Therapeutic protein portion of the albumin fusion protein is the 

15 mature portion of the Therapeutic protein. 

In further embodiments, the invention provides an albumin fusion protein comprising, 
or alternatively consisting of, a biologically active and/or therapeutically active fragment or 
variant of a Therapeutic protein and a biologically active and/or therapeutically active fragment 
or variant of serum albumin. In preferred embodiments, the invention provides an albumin 

20 fusion protein comprising, or alternatively consisting of, the mature portion of a Therapeutic 
protein and the mature portion of serum albumin. 

Preferably, the albumin fusion protein comprises HA as the N-terminal portion, and a 
Therapeutic protein as the C-terminal portion. Alternatively, an albumin fusion protein 
comprising HA as the C-terminal portion, and a Therapeutic protein as the N-terminal portion 

25 may also be used. 

In other embodiments, the albumin fusion protein has a Therapeutic protein fused to 
both the N-terminus and the C-terminus of albumin. In a preferred embodiment, the 
Therapeutic proteins fused at the N- and C- termini are the same Therapeutic proteins. In a 
preferred embodiment, the Therapeutic proteins fused at the N- and C- termini are different 

30 Therapeutic proteins. In another preferred embodiment, the Therapeutic proteins fused at the 
N- and C- termini are different Therapeutic proteins which may be used to treat or prevent the 
same disease, disorder, or condition (e.g. as listed in the "Preferred Indication Y" column of 
Table 1). In another preferred embodiment, the Therapeutic proteins fused at the N- and C- 
termini are different Therapeutic proteins which may be used to treat or prevent diseases or 

35 disorders (e.g. as listed in the "Preferred Indication Y" column of Table 1) which are known 
in the art to commonly occur in patients simultaneously. 

In addition to albumin fusion protein in which the albumin portion is fused N- 
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terminal and/or C-terminal of the Therapeutic protein portion, albumin fusion proteins of the 
invention may also be produced by inserting the Therapeutic protein or peptide of interest 
(e.g., a Therapeutic protein X as diclosed in Table 1 ? or an antibody that binds a Therapeutic 
protein or a fragment or variant thereof) into an internal region of HA. For instance, within 
5 the protein sequence of the HA molecule a number of loops or turns exist between the end and 

beginning of a-helices, which are stabilized by disulphide bonds (see Figures 9-11). The 

loops, as determined from the crystal structure of HA (Fig. 13) (PDB identifiers 1A06, 
1BJ5, 1BKE, 1BM0, 1E7E to 1E7I and 1UOR) for the most part extend away from the body 
of the molecule. These loops are useful for the insertion, or internal fusion, of therapeutically 
10 active peptides, particularly those requiring a secondary structure to be functional, or 
Therapeutic proteins, to essentially generate an albumin molecule with specific biological 
activity. 

Loops in human albumin structure into which peptides or polypeptides may be 
inserted to generate albumin fusion proteins of the invention include: Val54-Asn61, Thr76- 
15 Asp89 5 Ala92-Glul00, Glnl70-Alal76, His247-Glu252, Glu266-Glu277, Glu280-His288, 
Ala362-Glu368, Lys439-Pro447,Val462-Lys475, Thr478-lhro486, and Lys560-Thr566. In 
more preferred embodiments, peptides or polypeptides are inserted into the Val54-Asn61, 
Glnl70-Alal76, and/or Lys560-Thr566 loops of mature human albumin (SEQ ID NO: 18). 

Peptides to be inserted may be derived from either phage display or synthetic peptide 
20 libraries screened for specific biological activity or from the active portions of a molecule with 
the desired function. Additionally, random peptide libraries may be generated within 
particular loops or by insertions of randomized peptides into particular loops of the HA 
molecule and in which all possible combinations of amino acids are represented. 

Such library(s) could be generated on HA or domain fragments of HA by one of the 
25 following methods: 

(a) randomized mutation of amino acids within one or more peptide loops of HA 
or HA domain fragments. Either one, more or all the residues within a loop could be mutated 
in this manner (for example see Fig. 10a); 

(b) replacement of, or insertion into one or more loops of HA or HA domain 
30 fragments (i.e., internal fusion) of a randomized peptide(s) of length X n ^ (where X is an amino 

acid arid n is the number of residues (for example see Fig. 10b); 

(c) N-, C- or N- and C- terminal peptide/protein fusions in addition to (a) and/or 

(b). 

The HA or HA domain fragment may also be made multifunctional by grafting the 
35 peptides derived from different screens of different loops against different targets into the 

same HA or HA domain fragment. 

* 

In preferred embodiments, peptides inserted into a loop of human serum 
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albumin are peptide fragments or peptide variants of the Therapeutic proteins disclosed in 
Table L More particulary, the invention encompasses albumin fusion proteins which 
comprise peptide fragments or peptide variants at least 7 at least 8, at least 9, at least 10, at 
least 11, at least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, at 
least 35, or at least 40 amino acids in length inserted into a loop of human serum albumin. 
The invention also encompasses albumin fusion proteins which comprise peptide fragments 
or peptide variants at least 7 at least 8, at least 9, at least 10, at least 11, at least 12, at least 
13, at least 14, at least 15, at least 20, at least 25, at least 30, at least 35, or at least 40 amino 
acids fused to the N-terminus of human serum albumin. The invention also encompasses 
albumin fusion proteins which comprise peptide fragments or peptide variants at least 7 at 
least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 
20, at least 25, at least 30, at least 35, or at least 40 amino acids fused to the C-terminus of 
human serum albumin. 

Generally, the albumin fusion proteins of the invention may have one HA-derived 
region and one Therapeutic protein-derived region. Multiple regions of each protein, 
however, may be used to make an albumin fusion protein of the invention. Similarly, more 
than one Therapeutic protein may be used to make an albumin fusion protein of the invention. 
For instance, a Therapeutic protein may be fusQd to both the N- and C-terminal ends of the 
HA. In such a configuration, the Therapeutic protein portions may be the same or different 
Therapeutic protein molecules. The structure of Afunctional albumin fusion proteins may be 
represented as: X-HA-Y or Y-HA-X. 

For example, an anti-BLyS™ scFv-HA-IFNa-2b fusion may be prepared to modulate 
the immune response to IFNa-2b by anti-BLyS™ scFv. An alternative is making a bi (or 

even multi) functional dose of HA-fusions e.g. HA-IFNa-2b fusion mixed with HA-anti- 

BLyS™ scFv fusion or other HA-fusions in various ratio's depending on function, half-life 
etc. 

Bi- or multi-functional albumin fusion proteins may also be prepared to target the 
Therapeutic protein portion of a fusion to a target organ or cell type via protein or peptide at 
the opposite terminus of HA. 

As an alternative to the fusion of known therapeutic molecules, the peptides could be 
obtained by screening libraries constructed as fusions to the N-, C- or N- and C- termini of 
HA, or domain fragment of HA, of typically 6, 8, 12, 20 or 25 or X n (where X is an amino 
acid (aa) and n equals the number of residues) randomized amino acids, and in which all 
possible combinations of amino acids were represented, A particular advantage of this 
approach is that the peptides may be selected in situ on the HA molecule and the properties of 
the peptide would therefore be as selected for rather than, potentially, modified as might be 
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the case for a peptide derived by any other method then being attached to HA. 

Additionally, the albumin fusion proteins of the invention may include a linker peptide 
between the fused portions to provide greater physical separation between the moieties and 
thus maximize the accessibility of the Therapeutic protein portion, for instance, for binding to 
5 its cognate receptor. The linker peptide may consist of amino acids such that it is flexible or 
more rigid. 

The linker sequence may be cleavable by a protease or chemically to yield the growth 
hormone related moiety. Preferably, the protease is one which is produced naturally by the 
host, for example the S. cerevisiae protease kex2 or equivalent proteases. 
10 Therefore, as described above, the albumin fusion proteins of the invention may have 

the following formula R1-L-R2; R2-L-R1; or R1-L-R2-L-R1, wherein Rl is at least one 

4 

Therapeutic protein, peptide or polypeptide sequence, and not necessarily the same 
Therapeutic protein, L is a linker and R2 is a serum albumin sequence. 

In preferred embodiments, Albumin fusion proteins of the invention comprising a 

15 Therapeutic protein have extended shelf life compared to the shelf life the same Therapeutic 
protein when not fused to albumin. Shelf-life typically refers to the time period over which 
the therapeutic activity of a Therapeutic protein in solution or in sqme other storage 
formulation, is stable without undue loss of therapeutic activity. Many of the Therapeutic 
proteins are highly labile in their unfused state. As described below, the typical shelf-life of 

20 these Therapeutic proteins is markedly prolonged upon incorporation into the albumin fusion 
protein of the invention. 

Albumin fusion proteins of the invention with "prolonged" or "extended" shelf-life 
exhibit greater therapeutic activity relative to a standard that has been subjected to the same 
storage and handling conditions. The standard may be the unfused full-length Therapeutic 

25 protein. When the Therapeutic protein portion of the albumin fusion protein is an analog, a 
variant, or is otherwise altered or does not include the complete sequence for that protein, the 
prolongation of therapeutic activity may alternatively be compared to the unfused equivalent of 
that analog, variant, altered peptide or incomplete sequence. As an example, an albumin 
fusion protein of the invention may retain greater than about 100% of the therapeutic activity, 

30 or greater than about 105%, 110%, 120%, 130%, 150% or 200% of the therapeutic activity 
of a standard when subjected to the same storage and handling conditions as the standard 
when compared at a given time point. 

i 

Shelf-life may also be assessed in terms of therapeutic activity remaining after storage, 
normalized to therapeutic activity when storage began. Albumin fusion proteins of the 
35 invention with prolonged or extended shelf-life as exhibited by prolonged or extended 
therapeutic activity may retain greater than about 50% of the therapeutic activity, about 60%, 
70%, 80%, or 90% or more of the therapeutic activity of the equivalent unfused Therapeutic 
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protein when subjected to the same conditions. For example, as discussed in Example 1, an 
albumin fusion protein of the invention comprising hGH fused to the full length HA sequence 
may retain about 80% or more of its original activity in solution for periods of up to 5 weeks 
or more under various temperature conditions. 

5 

Expression of Fusion Proteins 

The albumin fusion proteins of the invention may be produced as recombinant 
molecules by secretion from yeast, a microorganism such as a bacterium, or a human or 
animal cell line. Preferably, the polypeptide is secreted from the host cells. We have found 
10 that, by fusing the hGH coding sequence to the HA coding sequence, either to the 5' end or 
3 ! end, it is possible to secrete the albumin fusion protein from yeast without the requirement 

v. ' 

for a yeast-derived pro sequence. This was surprising, as other workers have found that a 
yeast derived pro sequence was needed for efficient secretion of hGH in yeast. 

For example, Hiramatsu et aL (Appl Environ Microbiol 56:2125 (1990); Appl Environ 
15 Microbiol 57:2052 (1991)) found that the N-terminal portion of the pro sequence in the Mucor 

pusillus rennin pre-pro leader was important. Other authors, using the MFct~l signal, have 

always included the MFa-1 pro sequence when secreting hGH. The pro sequences were 

believed to assist in the folding of the hGH by acting as an intramolecular chaperone. The 
present invention shows that HA or fragments of HA can perform a similar function. 

* 

20 Hence, a particular embodiment of the invention comprises a DNA construct 

encoding a signal sequence effective for directing secretion in yeast, particularly a 
yeast-derived signal sequence (especially one which is homologous to the yeast host), and the , 
fused molecule of the first aspect of the invention, there being no yeast-derived pro sequence 
between the signal and the mature polypeptide. 

25 The Saccharomyces cerevisiae invertase signal is a preferred example of a 

yeast-derived signal sequence. 

Conjugates of the kind prepared by Poznansky et aL, (FEBS Lett. 239:18 (1988)), in 
which separately-prepared polypeptides are joined by chemical cross-linking, are not 
contemplated. 

30 The present invention also includes a cell, preferably a yeast cell transformed to 

express an albumin fusion protein of the invention. In addition to the transformed host cells 
themselves, the present invention also contemplates a culture of those cells, preferably a 
monoclonal (clonally homogeneous) culture, or a culture derived from a monoclonal culture, 
in a nutrient medium. If the polypeptide is secreted, the medium will contain the polypeptide, 

35 with the cells, or without the cells if they have been filtered or centrifuged away. Many 

expression systems are known and may be used, including bacteria (for example E. coli and 

■ 
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Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae, Kluyveromyces lactis and 

s 

Pichia pastoris, filamentous fungi (for example Aspergillus), plant cells, animal cells and 
insect cells. 

Preferred yeast strains to be used in the production of albumin fusion proteins are 
5 D88, DXY1 and BXP10. D88 [leu2-3, leu2-122, canLpral, ubc4'\ is a derivative of parent 
strain AH22his* (also known as DB1; see, e.g., Sleep et al. Biotechnology 8:42-46 (1990)). 
The strain contains a leu2 mutation which allows for auxotropic selection of 2 micron-based 
plasmids that contain the LEU2 gene. D88 also exhibits a derepression of PRB1 in glucose 
excess. The PRB1 promoter is normally controlled by two checkpoints that monitor glucose 

10 levels and growth stage. The promoter is activated in wild type yeast upon glucose depletion 
and entry into stationary phase. Strain D88 exhibits the repression by glucose but maintains 
the induction upon entry into stationary phase. The PRA1 gene encodes a yeast vacuolar 
protease, YscA endoprotease A, that is localized in the ER. The UBC4 gene is in the 
ubiquitiriation pathway and is involved in targeting short lived and abnormal proteins for 

15 ubiquitin dependant degradation. Isolation of this ubc4 mutation was found to increase the 
copy number of an expression plasmid in the cell and cause an increased level of expression 
of a desired protein expressed from the plasmid (see, e.g., International Publication No. 
WO99/005Q4, hereby incorporated in its entirety by reference herein). 

DXY1, a derivative of D88, has the following genotype: [leu2-3, leu2-122, canl, 

20 pral, ubc4, ura3:ryap3\ In addition to the mutations isolated in D88, this strain also has a 
knockout of the YAP3 protease. This protease causes cleavage of mostly di-basic residues 
(RR, RK, KR, KK) but can also promote cleavage at single basic residues in proteins. 
Isolation of this yap3 mutation resulted in higher levels of full length HSA production (see, 
e.g., U.S. Patent No. 5,965,386 and Kerry-Williams et al., Yeast 14:161-169 (1998), 

25 hereby incorporated in their entireties by reference herein). 

BXP10 has the following genotype: leu2-3, leu2-122, canl, pral 7 ubc4, ura3, 
yap3::URA3, lys2, hspl50::LYS2, pmtl::URA3. In addition to the mutations isolated in 
DXY1, this strain also has a knockout of the PMT1 gene and the HSP150 gene? The PMT1 
gene is a member of the evolutionarily conserved family of dolichyl-phosphate-D-mannose 

30 protein O-mannosyltransf erases (Pmts). The transmembrane topology of Pmtlp suggests 
that it is an integral membrane protein of the endoplasmic reticulum with a role in O-linked 
glycosylation. This mutation serves to reduce/eliminate O-linked glycosylation of HSA 
- fusions (see, e.g., International Publication No. WO00/44772, hereby incorporated in its 
entirety by reference herein. Studies revealed that the HsplSO protein is inefficiently separated 

35 from rHA by ion exchange chromatography. The mutation in the HSP150 gene removes a 
potential contaminant that has proven difficult to remove by standard purification techniques. 
See, e.g., U.S. Patent No. 5,783,423, hereby incorporated in its entirety by reference herein. 
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The desired protein is produced in conventional ways, for example from a coding 
sequence inserted in the host chromosome or on a free plasmid. The yeasts are transformed 
with a coding sequence for the desired protein in any of the usual ways, for example 
electroporation. Methods for transformation of yeast by electroporation are disclosed in 
5 Becker & Guarente (1990) Methods EnzymoL 194, 182, 

Successfully transformed cells, i.e., cells that contain a DNA construct of the present 
invention, can be identified by well known techniques. For example, cells resulting from the 
introduction of an expression construct can be grown to produce the desired polypeptide. 
Cells can be harvested and lysed and their. DNA content examined for the presence of the 

10 DNA using a method such as that described by Southern (1975) Mol. Biol. 98, 503 or 
Berent et ah (1985) Biotech. 3, 208. Alternatively, the presence of the protein in the 
supernatant can be detected using antibodies. 

Useful yeast plasmid vectors include pRS403-406 and pRS413-416 and are 
generally available from Stratagene Cloning Systems, La Jolla, CA 92037, USA. Plasmids 

15 pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating plasmids (Yips) and 
incorporate the yeast selectable markers HIS3, 7RP1, LEU2 and URA3. Plasmids 
pRS413-416 are Yeast Centromere plasmids (Ycps). 

Preferred vectors for making albumin fusion proteins for expression in yeast include 
pPPC0005, pScCHSA, pScNHSA, and pC4:HSA which are described in detail in Example 

20 2. Figure 4 shows a map of the pPPC0005 plasmid that can be used as the base vector into 
which polynucleotides encoding Therapeutic proteins may be cloned to form HA -fusions. It 
contains a PRB1 S. cerevisiae promoter (PRBlp), a Fusion leader sequence (FL), DNA 
encoding HA (rHA) and an ADH1 S. cerevisiae terminator sequence. The sequence of the 
fusion leader sequence consists of the first 19 amino acids of the signal peptide of human 

25 serum albumin (SEQ ID NO:29) and the last five amino acids of the mating factor alpha 1 

i 

promoter (SLDKR, see EP-A-387 319 which is hereby incorporated by reference in its 
entirety. 

The plasmids, pPPC0005, pScCHSA, pScNHSA, and pC4:HSA were deposited on 
April 11, 2001 at the American Type Culture Collection, 10801 University Boulevard, 

30 Manassas, Virginia 201 10-2209 and given accession numbers ATCC , , , 

and , respectively. Another vector useful for expressing an albumin fusion protein in 

yeast the pSAC35 vector which is described in Sleep et ah, BioTechnology 8:42 (1990) 
which is hereby incorporated by reference in its entirety. 

A variety of methods have been developed to operably link DNA to vectors via 

35 complementary cohesive termini. For instance, complementary homopolymer tracts can be 
added to the DNA segment to be inserted to the vector DNA. The vector and DNA segment 
are then joined by hydrogen bonding between the complementary homopolymeric tails to 
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form recombinant DNA molecules. 

Synthetic linkers containing one or more restriction sites provide an alternative method 
of joining the DNA segment to vectors. The DNA segment, generated by endonuclease 
restriction digestion, is treated with bacteriophage T4 DNA polymerase or E. coli DNA 
5 polymerase I, enzymes that remove protruding, ^-single- stranded termini with their 3' 
S'-exonucleolytic activities, and fill in recessed 3 ! -ends with their polymerizing activities. 

The combination of these activities therefore generates blunt-ended DNA segments. 
The blunt-ended segments are then incubated with a large molar excess of linker molecules in 
the presence of an enzyme that is able to catalyze the ligation of blunt-ended DNA molecules, 
10 such as bacteriophage T4 DNA ligase. Thus, the products of the reaction are DNA segments 
carrying polymeric linker sequences at their ends. These DNA segments are then cleaved with 
the appropriate restriction enzyme and ligated to an expression vector that has been cleaved 
with an enzyme that produces termini compatible with those of the DNA segment 

<■ 

Synthetic linkers containing a variety of restriction endonuclease sites are 
15 commercially available from a number of sources including International Biotechnologies Inc, 
New Haven, CT, USA. 

A desirable way to modify the DNA in accordance with the invention, if, for example, 
HA variants are to be prepared, is to use the polymerase chain reaction as disclosed by Saiki 
et ah (1988) Science 239, 487-491. In this method the DNA to be enzymatically amplified is 
20 flanked by two specific oligonucleotide primers which themselves become incorporated into 
the amplified DNA. The specific primers may contain restriction endonuclease recognition 
sites which can be used for cloning into expression vectors using methods known in the art. 

Exemplary genera of yeast contemplated to be useful in the practice of the present 
invention as hosts for expressing the albumin fusion proteins are Pichia (Hansenula), 
25 Saccharomyces, Kluyveromyces, Candida, Torulopsis, Torulaspora, Schizosaccharomyces, 
Citeromyces, Pachysolen, Debaromyces, Metschunikowia, Rhodosporidium, 
Leucosporidium, Botryoascus, Sporidiobolus, Endomycopsis, and the like. Preferred genera 
are those selected from the group consisting of Saccharomyces, Schizosaccharomyces, 
Kluyveromyces, Pichia and Torulaspora. Examples of Saccharomyces, spp. are S. cerevisiae, 
30 S. italicus and S. rouxii. 

Examples of Kluyveromyces spp. are K. fragilis, K. lactis and K. marxianus. A 
suitable Torulaspora species is T. delbrueckil Examples of Pichia (Hansenula) spp. are P. 
angusta (formerly H. polymorpha), P. anomala (formerly H. anomala) and P. pasioris. 
Methods for the transformation of S. cerevisiae are taught generally in EP 251 744, EP 258 
3 5 067 and WO 90/01063, all of which are incorporated herein by reference. 

Preferred exemplary species of Saccharomyces include S. cerevisiae, S. italicus, S . 
diastaticus, and Zygosaccharomyces rouxii. Preferred exemplary species of Kluyveromyces 
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include K. fragilis and K. lactis. Preferred exemplary species of Hansenula include H. 
polymorpha (now Pichia angusta), H. anomala (now Pichia anomala), and Pichia capsulata. 
Additional preferred exemplary species of Pichia include P. pastoris. Preferred exemplary 
species of Aspergillus include A. niger and A. nidulans. Preferred exemplary species of 
5 Yarrowia include Y. lipolytica. Many preferred yeast species are available from the ATCC. 

r 

For example, the following preferred yeast species are available from the ATCC and are 
useful in the expression of albumin fusion proteins: Saccharomyces cerevisiae Hansen, 
teleomorph strain BY4743 yap3 mutant (ATCC Accession No. 4022731); Saccharomyces 
cerevisiae Hansen, teleomorph strain BY4743 hsplSO mutant (ATCC Accession No. 

10 4021266); Saccharomyces cerevisiae Hansen, teleomorph strain BY4743 pmtl mutant 
(ATCC Accession No.. 4023792); Saccharomyces cerevisiae Hansen, teleomorph (ATCC 
Accession Nos. 20626; 44773; 44774; and 62995); Saccharomyces diastaticus Andrews et 
Gilliland ex van der Walt, teleomorph (ATCC Accession No. 62987); Kluyveromyces lactis 
(Dombrowski) van der Walt, teleomorph (ATCC Accession No. 76492); Pichia angusta 

15 (Teunisson et al.) Kurtzman, teleomorph deposited as Hansenula polymorpha de Morais et 
Maia, teleomorph (ATCC Accession No. 26012); Aspergillus niger van Tieghem, anamorph 
(ATCC Accession No. 9029); Aspergillus niger van Tieghem, anamorph (ATCC Accession 
No. 16404); Aspergillus nidulans (Eidam) Winter, anamorph (ATCC Accession No. 48756); 
and Yarrowia lipolytica (Wickerham et al.) van der Walt et von Arx, teleomorph (ATCC 

.20 Accession No. 201847). ' 

Suitable promoters for S. cerevisiae include those associated with the PGKI gene, 
GAL1 or GAL10 genes, CYCI, PH05,. TRPI, ADHI, ADH2, the genes for 
glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofructokihase, triose phosphate isomerase, phosphoglucose isomerase, glucokinase, 

25 alpha-mating factor pheromone, [a mating factor pheromone], the PRBI promoter, the GUT2 
promoter, the GPDI promoter, and hybrid promoters involving hybrids of parts of 5 f 
regulatory regions with parts of 5 T regulatory regions of other promoters or with upstream 
activation sites (e.g. the promoter of EP-A-258 067). 

Convenient regulatable promoters for use in Schizosaccharomyces pombe are the 

30 thiamine-repressible promoter from the nmt gene as described by Maundrell (1990) J. Biol. 
Chem. 265, 10857-10864 and the glucose repressible jbpl gene promoter as described by 
Hoffman & Winston ( 1 990) Genetics 1 24, 807-8 1 6. 

Methods of transforming Pichia for expression of foreign genes are taught in, for 
example, Cregg et al. (1993), and various Phillips patents (e.g. US 4 857 467, incorporated 

35 herein by reference), and Pichia expression kits are commercially available from Invitrogen 
BV, Leek, Netherlands, and Invitrogen Corp., San Diego, California. Suitable promoters 
include AOXI and AOX2. Gleeson etal (i986) J, Gen, Microbiol. 132, 3459-3465 include 
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information on Hansenula vectors and transformation, suitable promoters being MOX1 and 
FMD1; whilst EP 361 991, Heer et ah (1991) and other- publications from Rhone-Poulenc 
Rorer teach how to express foreign proteins in Kluyverornyces spp., a suitable promoter 
being PGKL " 
5 The transcription termination signal is preferably the 3 1 flanking sequence of a 

eukaryotic gene which contains proper signals for transcription termination and 
polyadenylation. Suitable 3 T flanking sequences may, for example, be those of the gene 
naturally linked to the expression control sequence used, i.e. may correspond to the promoter. 

* , .. 

Alternatively, they may be different in which case the termination signal of the S. cerevisiae 
10 ADHI gene is preferred. 

The desired albumin fusion protein may be initially expressed with a secretion leader 
sequence, which may be any leader effective in the yeast chosen. Leaders useful in S. 

cerevisiae include that from the mating factor alpha polypeptide (MFa-1) and the hybrid 

leaders of EP-A-387 3 19. Such leaders (or signals) are cleaved by the yeast before the mature 
15 albumin is released into the surrounding medium. Further such leaders include those of S . 
cerevisiae invertase (SUC2) disclosed in JP 62-096086 (granted as 911036516), acid 

phosphatase (PH05), the pre-sequence of MFa-1, 0 glucanase (BGL2) and killer toxin; S . 

diastaticus glucoarnylase II; S. carlsbergensis a-galactosidase (MEL1); K. lactis killer toxin; 
and Candida glucoarnylase. 

» 

20 

Additional Methods of Recombinant and Synthetic Production of Albumin 

F 

, Fusion Proteins 

The present invention also relates to vectors containing a polynucleotide encoding an 
albumin fusion protein of the present invention, host cells, and the production of albumin 
25 fusion proteins by synthetic and recombinant techniques. The vector may be, for example, a 
phage, plasmid, viral, or retroviral vector. Retroviral vectors-may be replication competent or 
replication . defective. In the latter case, viral propagation generally will occur only in 

■ 

complementing host cells. 

The polynucleotides encoding albumin fusion proteins of the invention may be joined 
30 to a vector containing a selectable marker for propagation in a host. Generally, a plasmid 
vector is introduced in a precipitate, such as a calcium phosphate precipitate, or in a complex 
with a charged lipid. If the vector is a virus, it may be packaged in vitro using an appropriate 
packaging cell line and then transduced into host cells. 

The polynucleotide insert should be operatively linked to an appropriate promoter, 
35 such as the phage lambda PL promoter, the E. coli lac, trp, phoA and tac promoters, the 
SV40 early and late promoters and promoters of retroviral LTRs, to name a few. Other 
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